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INVESTIGATION OF RESAZURIN AS AN INDICATOR OF THE 
SANITARY CONDITION OF MILK 


GUY A. RAMSDELL, WM. T. JOHNSON, JR., anp F. R. EVANS 


Research Laboratories, Bureau of Dairy Industry, 
U. S. Department of Agriculture 


The use of chemical indicators for determining the sanitary condition 
of milk is finding considerable application. It is the purpose of this paper 
to deseribe our studies of the indicator resazurin. On the basis of the 
results of this investigation extending over two years, it is felt that more 
information as to the sanitary condition of milk can be obtained by the 
use of resazurin than from any other chemical indicator now in use. 

While methylene blue fulfills quite well all the requirements of a redue- 
tase test as specified by Thornton and Hastings (1), it still falls far short 
of giving a true picture of the sanitary condition of many milk samples. 
Its time of reduction is dependent, in part, upon the rapidity of growth 
of those organisms that develop under a definite temperature of incubation 
and not upon the actual number of bacteria initially present,—that is, 
the original contamination. Also, it fails to classify properly those milks 
containing organisms that are slow reducers, since a population well into 
the millions must be developed before the Eh of the milk is sufficiently low 
to effect complete decolorization. Differences in reducing intensities of 
different organisms have been observed: by Clark and his associates (2) 
and by Frazier and Whittier (3). Another objection is that the test takes 
too long. Thornton and Hastings (1) state that any oxidation-reduction 
indicator more electro-positive than methylene blue will give misleading 
results. Clark (2), on the other hand, has expressed the belief that a 
more electro-positive indicator might be advantageous. Our results, with 
the slightly more electro-positive indicator resazurin, bear out Clark’s 
opinion. This is especially true if the sanitary condition of milk is to 
include the pathological and physiological abnormalities as well as the bac- 
terial contamination. 

Resazurin as an indicator of the sanitary condition of milk has received 
some attention abroad, but there has been no reference in the literature 
to its use for this purpose in this country. Comparisons of reduction 
time of resazurin and bacterial numbers were made by Olga Waldbauer (4). 
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This author, on the basis of her results, was able to classify milks into 
four groups. Mundiger and Wolf (5) compared the reduction time of 
resazurin with plate and Breed counts. They conclude that claim cannot 
be laid to an accurate bacterial count by the resazurin test, but that the 
test is a good means of approximating the quality of milk, is applicable 
to control work, and is especially useful for rapidly detecting poor milk 
of high bacterial numbers. These authors state that resazurin in milk 
reduces to resorufin, which, in turn, reduces to the colorless modification 
hydroresorufin.t These steps are shown below. 


Resazurin Resorufin Hydroresorufin 
Blue Pink Colorless 


The reduction of resazurin in milk is not reversible, while the change 
of resorufin to hydroresorufin is reversible. Resazurin in milk at a pH of 
6.5 is blue and at a pH of 5.3 is red, while resorufin is pink at a pH of 6.5 
and yellow at a pH of 4.8. A mixture of resazurin and milk that is becom- 
ing progressively more negative in Eh will change from blue to pink through 
various shades of purple and lavender. The dye has a high tinctorial 
power and the color changes are easily judged. 


EXPERIMENTAL 


It was found that an aqueous solution of resazurin containing .05 per 
cent of the dye did not undergo any visible decomposition when confined 
in the dark for six months. Consequently, a solution of this concentration 
was used for stock solution, and when 0.1 ml. was added to 10 ml. of milk 
the color produced was sufficient for good tinctorial effect. The germicidal 
effect of this concentration, 7.e., one part of dye to 200,000 parts of skim 
milk, was then determined. The results are given in Table 1. It is observed 
that resazurin does produce a significant toxic effect in milk, but methylene 
blue in concentrations of one to 571,000 suppressed growth practically to 
the same extent. However, this toxicity does not seriously operate against 
the use of resazurin as a redyction test for sanitary condition. In fact, 
the stock solution is not germicidal for all organisms, hence considerable 
care must be exercised to keep it sterile. 


1 We have been unable to obtain the same shade of pink as developed when resazurin- 
milk mixtures are incubated by adding the chemical resorufin to milk in like proportion. 
This seems to throw some doubt upon whether the difference is due to the resorufin used 
or whether resazurin actually changes to resorufin during the course of reduction. These 
authors state that their dye contained pure resazurin together with a small percentage of 
resorufin. 
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t TABLE 1 
Germicidal effect of resazurin and methylene blue in skimmed milk 
HOURS | MICROSCOPIC COUNT IN MILLIONS % dae 
| — ry Resaz- Resaz- MB- Resaz- Resaz- MB- 
37°C. CONTROL Skim. Skim. Skim. Skim. Skim. Skim. 

| 1: 200,000 1:400,000 1:571,000 | 1:200,000 1:400,000 1:571,000 
| 1 0 2.6 2.8 2.8 
aa 3 110.0 78.0 76.0 30.0 31.9 
’ 2 0 29 3.3 2.8 3.2 

3 130.0 100.0 110.0 110.0 22.9 15.6 15.9 
3. «(0 25 24 2.4 2.2 

« 3 63.0 59.0 60.0 52.0 3.6 2.7 9.0 

+ 0 1.6 1.8 1.6 1.7 

as 3 84.0 56.0 70.0 58.0 33.5 17.0 31.7 

ad 5 800.0 660.0 640.0 680.0 17.6 20.0 15.0 
5 0 3.6 3.0 3.6 3.5 

ad 3 78.0 59.0 80.0 64.0 24.7 0. 18.7 

es 5 700.0 500.0 500.0 450.0 28.6 28.7 35.9 

6 0 Jl 1 

a 3% 12.5 7.6 39.5 

e 4} 13.6 9.4 31.1 

- 5 27.0 17.0 37.2 

7 0 .096 08 : 

34 1.0 1.6 40.5* 

53 40.0 30.0 

* Increase. 


To identify the various colors developed in resazurin-milk mixtures 
during incubation, comparisons were made with a color chart. The chart 
contained 10 different color standards, each color being given an odd 
number in increasing sequence to its diminishing proportion of blue, so 
that the last standard was numbered 19 and was entirely pink. Standard 

} No. 1 corresponded to the color produced by adding resazurin to fresh 
skim milk in concentration of one of dye to 200,000 of milk. While the 
number of standards used in the chart was chosen arbitrarily, and possibly 
is greater than would be considered necessary, especially by one running 
a large number of tests daily, it was found that there was sufficient varia- 
tion in color between any two consecutive standards to be easily distin- 
guished. Likewise, the more standards, the more accurate would be the 
determination of the amount of reduction. The standards were prepared 
by filling 20 ml. test tubes with mixtures of various proportions of undyed 
china clay and china clay dyed with brom cresol green, crystal violet, and 
alkaline phenolphthalein. 
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Comparisons were made between Eh values measured potentiometrically 
during the potential drift and the developed colors on 40 different samples 
of resazurin-skim milk mixtures. There was quite a spread in Eh values 
corresponding to a single resazurin number, so that it was impossible to 
interpret intensities on the basis of the developed color. The maximum and 
minimum Eh values obtained for each resazurin number on this series 
of samples are presented in Figure No. 1. Eh measurements were not 


FIG. NO.1 
RANGE OF fy VALUES FOR SIMULAR_RESAZURIN CHART NUMBERS ON 20 SAMPLES, 
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obtained for all of these extremes, this procedure being impracticable; 
consequently, they are not entirely valid for each color number. However, 
the variations between the true and plotted values should not vary by over 
.005 volt. The zone of reduction of resazurin to resorufin as determined 
visually by the disappearance of the blue modification in 26 samples of 
skim milk in which no abnormal milk or special cultures had been added 
was never more positive than +.10 volt, or more negative than 0 volt. 
The zone of decolorization of resorufin of these samples fell within the Eh 
range of +.05 and —.05 volt. In market milk the zone of reduction of 
these two systems is approximately .1 to .05 volt more positive. In all the 
physiologically abnormal and pathological milks* tested the zones of reduc- 
tion were shifted to even more positive values. 


2 Throughout this paper the term ‘‘ physiologically abnormal milks’’ refers to colostrum 
and milk from cows drying up, and ‘‘ pathological milks’’ refers to milk from cows with 
diseased udders. 


A 
= 
+242 * + + + 


DETERMINING THE SANITARY CONDITION OF MILK 709 


If an oxidation-reduction indicator were used to measure only bacterial 
contamination, then even methylene blue, which in some milks decolorizes 
at Eh levels as positive as the upper limits of milk systems (1), «.e., from 
+.2 to +.3 volt, would give misleading results, and obviously indicators more 
electro-positive would be even less dependable. However, leucocytes or 
substances associated with leucocytes reduce methylene blue and if they do 
not produce a corresponding lowering in oxygen level, then their presence 
might account, to some extent at least, for the shifting of the zone of 
methylene blue or resazurin reduction to more positive potentials. Conse- 
quently, if this shift is produced by substances present only in physio- 
logically abnormal and pathological milks, then it seems that an indicator 
such as resazurin, which is reduced by these abnormal milks, and, being 
slightly more electro-positive than methylene blue but more electro-negative 
than normal, fresh milk, would respond more rapidly to the reducing 
influences of abnormal milks and thus, instead of yielding misleading results, 
be of added value as an indicator of quality over that of methylene blue. 
Also, with a dye such as resazurin which reduces irreversibly to another 
colored compound, any slight reduction would be manifest in an alteration 
of eolor and thus yield a measurable record of any abnormality or of 
any slight potential drift. 


COMPARISON OF RESAZURIN REDUCTION AND VARIOUS TESTS USED TO 
DETECT ABNORMAL CONDITIONS OF MILK 


In order to learn to what extent resazurin is reduced by physiologically 
abnormal and pathological milks, comparisons were made between the rate 
of reduction of resazurin and tests used to detect abnormal milks. Middle 
milk was used and was obtained from individual quarters. So as to elimi- 
nate so far as possible the reducing effect of fortuitous bacterial contami- 
nation, samples were drawn directly into sterile bottles. The milk was 
morning’s milk and only a few hours had elapsed from the time of milking 
until the tests were made. The tests included analyses for catalase and 
chlorides, cell counts, microscopic counts before and after five hours ineuba- 
tion at 37° C., and standard agar plate counts, together with methylene 
blue and resazurin reduction tests. The course of reduction of the resazurin 
samples was determined by comparison with the color chart every hour 
for five consecutive hours. It was observed that in every sample of high 
resazurin number, i.¢., 11 or over within the first two hours, there was also 
a high cell count of one million or more, regardless of the bacterial analysis. 

The relationship between resazurin reduction and catalase content of 
these 49 samples is shown in Figure no. 2. In the samples of low catalase 
and small bacterial population only a slight resazurin reduction resulted 
even after three hours of incubation. However, a high catalase content 
was invariably associated with considerable reduction of this indicator. 
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On the other hand, where the reduction of resazurin was high without a 
correspondingly high catalase content, the divergence resulted from the 
fact that these milks were of high bacterial numbers. Methylene blue 
decolorized in less than eight hours in only two of the 49 samples. One 
sample containing 16 million cells did not fade methylene blue before eight 
hours, but the resazurin number after only one hour of incubation was 15, 
indicating considerable reduction. 

While it is still a mooted question whether high leucocyte content in 
milk is deleterious, especially if the leucocytes do not come from sup- 
purative discharges, the mere existence of large numbers is certainly indica- 
tive of the fact that the milk is abnormal. And since it has been shown by 
Rosell (6) that mastitis milk is quite prevalent, a test that responds to 
this type of milk as well as to bacterial contamination is of additional 
value as a test of quality over that with methylene blue. 


COMPARISON BETWEEN METHYLENE BLUE AND RESAZURIN TESTS 


Comparison between methylene blue and resazurin tests were made 
on 220 market milk samples.. The methylene blue solution was prepared by 
dissolving one methylene blue tablet in 200 ml. of sterile water. One ml. 
of this solution was added to 10 ml. of milk. The resazurin numbers were 
obtained by comparing the developed color with the color chart after the 
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resazurin-milk mixtures containing one of dye to 200,000 of milk were 
ineubated for one hour at 37° C. From the results obtained the milks 
were graded into four classes according to the following scheme: 


*Methylene Blue Reduction Clas Resazurin Number After 
Time — One Hour Incubation 
More than 54 hours 1 lto 6 
2 to 5+ hours 7 to 18 
19 to nearly faded 


20 mins. to 2 hours 
’ Less than 20 minutes Completely faded 


bo 


Comparison of 410 additional market milk samples were made. In this 
latter series the methylene blue concentration in milk was in the ratio of 
one to 200,000. This methylene blue-milk mixture contained 2.85 times 
more methylene blue than that used in the standard method where methylene 
blue tablets were used. In this latter series Class 1 with the resazurin 
test included all colors from 1 to 7, Class 2 numbers 8 to 18, and the remain- 
ing two classes similar to the former classification. The results of these 
two series of comparisons are given in Table 2. 


TABLE 2 
Comparison between methylene blue and resazurin tests 


CLASSIFI- CLASSIFICATION BY METHYLENE BLUE TEST CLASS 


ee 1 2 3 4 Totals 
TEST No. % No. % No. % No. % No 

Class 1' 66 30.0 27 12.3 93 42.3 
t 2 25 11.4 53 24.1 3 1.3 81 36.8 
, 3 13 5.9 21 9.5 34 15.4 
4 7 2 5 2.3 12 5.5 
91 41.4 93 42.3 31 14.0 5 2.3 220 100.0 
Class 1? 263 64.1 15 3.7 27 67.8 
2 59 14.4 57 13.9 116 28.3 
3 9 2.2 5 1.2 14 3.4 
4 2 5 2 5 


to 
| 
i=) 
= 
o 


} 322 78.5 81 19.8 5 12 


+ The ratio of methylene blue to milk was 1: 571,000. 
* The ratio of methylene blue to milk was 1: 100,000. 


In the first series of comparisons there were 27 samples that graded 

~ Class 2 with the methylene blue test and Class 1 with the resazurin test. 
From the low resazurin numbers after one hour of incubation it can be 
reasoned that cells were comparatively few in these milks and bacteria 
had multiplied very little during the first hour of ineubation, but had 


* Classification given in Standard Methods of Milk Analysis, p. 41, published by 
the American Public Health Association, sixth edition, 1934. 
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multiplied sufficiently thereafter to decolorize the methylene blue within 
two to five and one-half hours. We feel that the fact that the resazurin 
test classifies these milks as it does, rather than disqualifying the test is 
an advantage, since the number of organisms originally present in the 
milk, that is, its original contamination, is not always correlated with the 
methylene blue test, especially in good quality milks. Also, the conditions 
to which the milk is subjected in conducting the methylene blue test differ 
considerably from those normally used by the consumer, especially in regard 
to holding temperature. 

By making two observations in the resazurin test, the first after one 
hour of incubation and the second after two hours, a more nearly complete 
pieture of the quality of milk could be obtained. However, this procedure 
lengthens the time of the test, which is not always desirable. One hour of 
ineubation is generally sufficient to detect most physiologically abnormal 
and pathological milks, as well as milks containing actively growing organ- 
isms. Of course, those milks that contain sluggish organisms that do not 
start multiplication until after the milk has been incubated for over one 
hour would escape detection. The test would have to be altered to inelude 
more observations at longer incubation periods to enable a proper grading 
of these types of milk. By applying the resazurin test so that only one 
observation is taken, considerable time is saved over that required by the 
methylene blue test. 


THE USE OF RESAZURIN TO DETECT SANITARY CONDITION OF 
HERD MILK SAMPLES 


In Table 3 is presented a series of tests on herd milk samples, includ- 
ing microscopic counts, cell counts, methylene blue reduction tests (concen- 
tration of 1 to 200,000), and resazurin reduction numbers read every hour 
for four hours. 

While, as previously stated, it is impossible to ascertain the oxidation- 
reduction potential of a milk-resazurin mixture by its developed color, 
the rate of change of color should be some indication of its bacterial develop- 
ment. However, due to differences in reducing intensity of organisms and 
the sensitivity of resazurin to certain unknown factors not necessarily 
associated with bacterial flora, a true correlation between the rate of resa- 
zurin reduction and the rate of bacterial multiplication is not to be expected. 
Nevertheless, considerable information can be obtained as to the flora of 
the milk by observing the rate of reduction as manifested in the change 
of color from blue to pink during incubation. 

To illustrate, consider sample No. 734. The resazurin number after 
one hour of incubation was only 3, indicating very little bacterial multi- 
plication, and the number only increased from 3 to 7 within the next two 
hours, which still indicated very little bacterial multiplication, but between 


; 


TABLE 3 
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Comparison of resazurin reduction tests with other quality tests on market milk 
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| 
THOUSANDS THOUSANDS 
725 250,000 450 
937 40,000 1,300 
941 9,000 300 
654 7,000 450 
876 6,500 1,600 
839 4,500 1,800 
924 3,600 380 
756 3,600 350 
804 3,500 1,400 
821 2,500 730 
771 1,900 540 
624 1,500 800 
822 1,500 270 
788 760 930 
788 700 1,400 
734 640 540 
741 600 300 
718 590 1,000 
744 590 400 
915 570 400 
873 560 2,000 
873 420 820 
842 300 760 
826 250 1,000 
702 220 1,200 
814 200 80 
627 190 860 
914 190 570 
687 170 2,400 
771 160 360 
972 160 580 
672 140 1,300 
677 140 320 
602 140 800 
756 130 280 
750 110 3,200 
934 110 2,500 
755 96 400 
877 96 170 
842 80 550 
786 64 2,400 
810 64 1,200 
662 64 680 
799 48 1,200 
701 32 1,400 
876 32 1,200 
667* 32 620 
677 32 110 
633 16 1,500 
618 16 480 
786 |~ 16 300 
687 16 3,000 
935 16 2,200 
877 16 1,600 
926 16 1,300 
754 16 1,300 
644 16 1,200 


METH. BLUE 

REDUCT. TEST 
1: 200, 

HOURS 


RESAZURIN TEST——CHART NUMBERS 
HOURS INCUBATED-—37° Cc. 


UP 


2 3 
F 
20 F 
F 
17 22 
4/5F F 
17 19 
19 29 
17 4/5F 
19/11 | 
20 22/F 
20 4/5F 
9 9 
13 
6 7 
15 20 
4 7 
5 6 
3 3 
17 19 
11 15 
5 9 
11 15 
5 5 
3 7 
19 F/22 
3 4 
17 19 
12 
11 19/15 
7 13 
3 5 
7 12 
4 7 
18 20 
11 15 
5 7 
5 7 
15 17 
15 | 17 
7 |i 
9 13 
16 18 
15 17 
20 21 
4 5 
15 16 
6 12 
5 7 
15 17 
15 18 
12 14 
11 15 
9 
12 14 


6 


17 
12 


19 


ll 


4/5F 
F 9 hrs. 
22 
F 
F 9 hrs. 


1 | 4 7 
7/12 F | 
| 17/12 20 | 
| 18/4 | | 
| 25/6 15 | 
| 3 17 
‘ | 5 7 F | 
| 37/12 20 
62/3 13° | 4/5F F 
| 32/3 15 
| 31/3 5 | F | 
| 71/6 13 | 4/5F | 
| 31/2 | F | | 
| 4 F 
| 121/2 | 16 | F 
|; 10 15 | F 9 hrs. 
| 75/12 | | 1 | 1/2F 
51/6 F | 
| 81/4 1 | 16 
| 10 | 9 | 
| 111/4 4 | 9 
71/2 
| 81/2 16 | 17 
| 91/72 | is | FOhrs. 
| 111/2 a 18 
| 
| 115/16 | 
| | F | 
10 5/12 
| 92/3 | 20 | 
| 9 | 418 
| 71/4 20/17 
| 55/6 | 20 
| 10 | il | 
| 
| 8 | 
71/2 1s | 18 
| 71/2 | sa 18 
7 | | 16 | 29 
| 8 | w | F 
| 115/6 | 18 | 21 
= 
| 10 15 
| 101/4 | 19 22 
10 
81/6 | 2 22 
| 15/12 | 1 | 17 
| 4 | 19 | 22 
| 19 
8 15 
10 is | 
9 3/4 19 | 21 
10 15 1/2F 
8 15 
10 13 
| =| 17 
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TABLB 3—(Continued) 


Comparison of resazurin reduction tests with other quality tests on market milk 


SSAZURIN TEST—-CHART NUMBERS 

. THOUSANDS | THOUSANDS OURS 1 2 3 4 6 | 7 

— 

926 16 1,200 111/4 6 13 15 18 | 18 
644 16 1,000 9 3 10 15 17 | 1/4F 
862 16 1,000 8 3 6 11 | 
720 16 930 71/2 5 | 15 17 20 | F 
702 16 810 91/2 a 5 5 12 | | 20 
936 16 800 8 | 2 10 13 |} 2 | F 
672 16 720 #10 | 5 5 5 
764* 1 | 700 | 8 133 | «(15 17 23 
811 16 600 10 2/3 3 5 5 13 15 
801 16 520 8 2 | 4 5 10 
909 16 | 510 10 1/4 5| 5 | | 17 
650 | 16 380 | 9 5 | 13 | 19/12 19 | F 
801 16 380 3 es i's 11 15 
899 16 280 8 ate ak | 19 | 
814 16 280 | 10 tea 5 6 | | F10hrs 
741 16, 20 | 71/2 | 3 3 | 5 8 F 63 hrs. 
608* 16 | 240 81/2 =e 18 | 22 
947 16 | 20 | oinz | 2 | 3 | 3 4 | 11 
656 16 200 122/3 13 | 17 
792 1 | 120 | 8 17 | 
777 16 | 12 | 65/6 | 3 | 6 | 15 | F 


Resazurin numbers greater than 19 indicate partial fading of the pink modification, the larger the num- 
ber the more faded. 


* No. 764—Chloride .137% F—faded 
608— ‘* 138% 
667— 130% 


the third and fourth hours the resazurin number changed from 7 to 15. 
Within this fourth hour the bacterial population must have increased con- 
siderably to account for this rapid change in resazurin reduction, but the 
flora was not of the fast reducing type, since over seven hours elapsed 
before the dye finally began to fade. The methylene blue sample did not 
decolorize before 75/12 hours. The microscopic count before incubation 
was 640,000, and in view of this rather high count and low resazurin 
number after one hour of incubation, many of the organisms must have 
been in the resting stage or dead. 

In several of the samples the resazurin numbers are considerably greater 
than would be expected from the microscopic count. In most of these 
samples there are rather high cell counts. In general, wherever there has 
been a rapid reduction of resazurin within the hour of incubation in samples 
of milk of low bacterial numbers, either some abnormal feature of physio- 
logical or pathological origin has been found or a rapid multiplication has 
occurred. On the other hand, some abnormal milks have not always pro- 
duced a marked reduction of resazurin within the first hour of incubation. 


ars 
) 


DETERMINING THE SANITARY CONDITION OF MILK 715 


RECOMMENDED PROCEDURE FOR CONDUCTING THE RESAZURIN TEST 


The following procedure for the resazurin test is suggested. Prepare 
a .05 per cent aqueous solution of resazurin by dissolving the dye in hot, 
distilled, sterile water, in a volumetric flask of suitable capacity. Cover 
the flask and cool, then fill to mark with sterile, distilled water. To keep 
this stock solution sterile pour approximately the amount desired into a 
sterile bottle, then flame the neck of the flask, cover with a sterile stopper 
and place in the dark until the following day or when again needed. Use 
the solution transferred to the sterile bottle for the day’s run. The amount 
of solution required for each milk sample, which is 0.1 ml. per 10 ml. milk, 
ean be either measured out by using a pipette calibrated in 0.1 ml. divisions, 
or a pipette with a tip tapered to deliver the required amount in exactly 
whole drops, %.e., not fractions of a drop. 

To eliminate the necessity of tipping the test tubes containing the milk 
and resazurin solution to effect uniform distribution, the dye solution 
should be added to the test tube first and the milk then poured in quite 
rapidly. However, where it is not practicable to follow this technique, the 
tubes must be turned upside down to obtain uniform mixing. Since the 
results are only comparative, either method is satisfactory as long as the 
technique used is consistent. 

Incubate the mixtures at 37° C., in a bath kept in a dark portion of 
the room, or, if this is impossible, cover the bath with a black cloth or any 
suitable cover which will shut out the light. After one hour of incubation, 
compare the developed colors with the color chart and from readings 
obtained group the samples into the following four classes: 

Class 1—Good milks, colors between 1 and 6. 

2—Fair milks, colors between 7 and 18. 
3—Poor milks, colors pink but not faded. 
4—Very poor milks, decolorized. 

By returning the samples to the bath and recording hourly changes 
until the dye has decolorized, a more precise analysis of the sanitary condi- 
tions of the milks may be obtained. A microscopic examination will aid 
in arriving at a correct interpretation of the results. See discussion of 
sample No. 734, as an example. 

The following outline enumerates the main conditions that may be 
encountered : 


1. If the reduction is rapid, commencing at or soon after incubation, 
Significance : 
(a) Milks highly contaminated with flora in actively growing state. 
(b) Organisms strongly reducing. 
(ec) Pathological milks. 
(d) Physiologically abnormal milks. 
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2. If the reduction is slow over four to six hours of ineubation, 
Significance : 

(a) Low bacterial count. 

(b) High bacterial count with either dead or inactive organisms. 

(ce) Low cell count. 

(d) Very little multiplication of organisms. 

(e) Much development of bacteria with weakly reducing charac- 
teristics. 

3. If the reduction is first slow, then followed by a rapid reduction, 
Significance : 

(a) Physiologically normal milk. 

(b) Not pathological milk. 

(e) Low bacterial count. 

(d) High bacterial count with organisms in lag phase. 

(e) During period of rapid reduction bacteria are on the threshold 
of or in the logarithmic growth phase and the speed of 
reduction is a measure of their reducing power. 

4. If the reduction is at first rapid and then followed by a slow reduction, 
Significance : 

(a) Physiologically abnormal milks. 

(b) Pathological milks. 

(ec) High baeteria count, but poor reducers if well advanced in 
their logarithmic growth phase. 

(d) Multiplication stopped soon after incubation. 

(e) Very often old milk in which some multiplication had oceurred. 

Satisfactory colors can be obtained for the color chart by using the 
dyes described in this paper. However, there are, no doubt, many other 
dyes, as well as other vehicles, that could be used to produce a chart with 
colors similar to those developed when resazurin undergoes reduction in 
milk. Sterilized milk has not been found to be satisfactory as a vehicle, 
since the yellow color produced during sterilization alters the shades to 
the extent that they will not match the colors developed during incubation 
of the mixtures. 

The yellow pigment in milk lessens the blue intensity of the resazurin- 
milk mixtures, the amount depending upon the concentration of pigment. 
As the yellow pigment, carotene, is fat soluble, it will be carried to the top 
with the fat, so after the sample has been held for one hour and the fat 
collected at the top, the milk-resazurin colors approximate more nearly the 
colors obtained when adding resazurin directly to skim milk. Consequently, 
the color standards should be made to compare with skim milk-resazurin 
mixtures rather than with whole milk-resazurin mixtures. 


SUMMARY 


From the results of this investigation the following conclusions are 


drawn: 
1. Only one hour is required to complete the resazurin test as prescribed 


in the text, while the methylene blue test requires over five hours. 
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2. Milk can be classified into four groups as regards sanitary condition 
by means of the resazurin test. 

3. Milks from diseased udders and milks from physiologically abnormal 
cows have significant effects on the reduction of resazurin, and hence the 
test aids in their detection. 

4. By observing the rate of color change of resazurin-milk mixtures 
over a period of hours of incubation, considerable information as to the 
flora can be obtained. 
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THE BACTERIOLOGY OF SWISS CHEESE 


IV. EFFECT OF TEMPERATURE UPON BACTERIAL ACTIVITY 
AND DRAINAGE IN THE PRESS 


L. A. BURKEY, G. P. SANDERS, anp K. J. MATHESON 


Research Laboratories, Bureau of Dairy Industry, United States 
Department of Agriculture 


In the manufacture of Swiss cheese, the heating of the kettle contents to 
53° C. or slightly higher, and the high temperature maintained for a num- 
ber of hours in the press, are known to be essential not only for the proper 
expulsion of whey from the curd, as pointed out by Orla-Jensen (10), Vas 
(12), and Koestler (9), but also for the control of bacterial activity. Burri 
(3) stated that only the thermo-stable organisms survive the heating, with 
a result that in the press 99 per cent of the surviving lactic acid organisms 
are either Streptococcus thermophilus or Thermobacterium helveticum. In 
a previous paper (6) it was shown that the aerobic gas-forming organisms 
which are frequently present in milk grew very little if at all in the cheese 
kettle unless present in large numbers, and that while Streptococcus lactis 
grew early in the kettle it was stopped by the heating process. Of the 
starter bacteria, S. thermophilus (C,) grew during the early part of the 
cooking period; the lactobacilli (39a and Ga) not only did not grow but 
actually decreased in numbers by dipping time. 

A study of the growth of the starter bacteria in the press as reported in 
a previous paper (7) showed that S. thermophilus (C,) resumed active 
growth within 3 or 4 hours after dipping and continued for 6 to 8 hours 
before any retardation became evident. Lactobacillus bulgaricus (Ga) and 
Lactobacillus helveticus (39a) did not begin to grow until 5 to 10 hours 
after dipping, the time depending on the culture; the Ga culture, with the 
higher maximum growing temperature, started to grow earlier in the cheese. 
This indicated that the starter organisms do not begin to grow until temper- 
ature conditions are favorable. 

Further observations on bacterial activity in the cheese showed certain 
significant facts. It was found that at 3 hours after dipping the pH of the 
interior of the cheese (4 or more inches from the hoop edge) was usually 
between 5.90 and 6.15, while the pH near the outside of the cheese (4 to 1 

inch beneath the hoop edge) was between 5.60 and 5.85. The more rapid 
acid production near the hoop edge appeared to be consistent with results 
reported by Orla-Jensen (11), who showed that whey obtained from the 
cheese board 3 hours after dipping contained 3 to 4 times as much titratable 
acid as that obtained from the center of the cheese. His data showed that 
much of this acid came from used cheese cloths. The higher titratable 
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acidity at the surface, he believed, was also partially the result of rapid 
evaporation from the surface of the cheese, although he indicated that other 
factors may also contribute to this difference. Temperature readings at the 
center of the cheese were included in these data but temperatures near the 
perifery were not determined. 

In this paper are shown the changes in temperature, bacterial popula- 
tion and pH values which occur at varying distances from the hoop edge 
toward the center of Swiss cheese during the first 21 hours in the press; 
data are presented showing the effect of variations in room temperature 
upon the above factors, the relationship between the production of acid and 
the expulsion of whey from the cheese, and the effect of these factors upon 
the quality of the cheese. The bacterial content and acidity of cheese cloths 
are recorded, and the possible effect of contamination from this source 
upon the rate of acid production just beneath the perifery of the cheese is 
diseussed. 

EXPERIMENTAL PROCEDURE 


The experimental work was conducted in part at a factory in Ohio, with 
cheeses averaging 160 pounds, green weight; more detailed studies were 
made with laboratory cheeses of about 55 pounds, green weight. 

The starters used consisted of pure cultures of S. thermophilus (C,) in 
combination with pure cultures of either L. bulgaricus (Ga or 39aH) or L. 
helveticus (39a), each being grown separately in skim milk or in whey. 

The lactobacillus cultures referred to herein have been in use for a 
number of years in these laboratories and in the factories, and they differ 
distinctly one from another in morphology, maximum growing temperature 
and the amount of acid produced in milk; however, the identities of these 
cultures have not been positively established. 

Experience has shown that the medium used for the preparation of 
starters in factories often is not sterilized adequately, with the result that 
the starters often are not pure cultures. In these experiments particular 
care was taken to insure the sterilization of the skim milk or whey used in 
the preparation of starters and every precaution was taken to prevent 
subsequent contamination or the use of mixed cultures. 

Temperature readings were obtained by inserting standardized ther- 
mometers so that the mereury bulbs would be located at the points at which 
temperatures were to be determined. In making readings at successive 
l-inch distances from the hoop edge, a cardboard strip with 4-inch holes 
1 inch apart was placed on the top of the cheese along its diameter, the first 
hole being 1 inch from the cireumference. The thermometers were inserted 
through the holes in the strip and pushed into the cheese until their bulbs 
were at points equidistant from the top and bottom surfaces. 

Samples of cheese for pH, moisture, and bacterial count determinations 
were obtained by removing a 6-inch plug, by means of a trier, from the hoop 
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side of the cheese halfway between the top and bottom surfaces. The plug 
was cut cleanly into 1-inch sections, measuring from the hoop end of the 
plug. Then } inch was cut off from both ends of each section, leaving the 
middle $ inch. This was cut into two halves longitudinally. One part was 
used for the pH determination and the other for the bacterial count. A 
section from the inner end of the plug, more than 4 inches from the hoop 
edge, was used for the duplicate moisture determination. The sample used 
for bacterial counts was ground in a sterile mortar with sodium citrate and 
water, by the method described by Burkey (1). The direct microscopic 
count was made from this homogenous sample. 

The cooking temperature used in the manufacture of cheese was in all 
eases 53° C. 

RESULTS 


The results of temperature determinations, recorded in Table 1, show 
that the outer area of the cheese cools rapidly and that a decrease of 2° to 
4° C. in room temperature results not only in an acceleration of cooling 
just inside the surface of the cheese during the first 3 or 4 hours but also 
a correspondingly more rapid cooling in the interior, especially after that 
time. When the room temperature is low, the temperatures of all parts 
of the cheese are likewise relatively low at 21 hours; but the difference 
between that of the interior and that of the outer area is practically the 
same as when the room temperature is high. In securing the data shown in 
Table 1, in which are shown average results in 7 factory cheeses made on 
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three different days, the room temperatures were recorded at frequent time 
intervals, and also the temperatures at the following points within the 
cheeses: at the central point in the interior; 1 inch beneath the rind at the 
center of the top surface; and 1 inch beneath the rind at the hoop edge, 
halfway between the top and bottom surfaces. 

The typical relationship between the decrease in temperature at different 
points in Swiss cheese and the development of acidity at these points is 
shown in Figure 1. These data are from a factory cheese made with 4 per 
cent of L. bulgaricus (Ga) skim milk starter grown at 42.5° C. and 4 per 
cent of 8. thermophilus (C,) whey starter grown at 37°. It will be noted 
that a rapid decrease in temperature at the hoop edge results in a corre- 
spondingly rapid development of acidity. 

More detailed results were obtained in a study made of a 55-pound labo- 
ratory cheese. The pH, bacterial count and temperature determinations 
were made at regular intervals of time at successive 1l-inch distances from 
the hoop edge. These data are shown in Table 2. It will be noted that in 
general the increase in numbers of the starter organisms (C, and Ga) and 
the increased acid production occur as a result of the decrease in tempera- 
ture at that point in the cheese. C, increased rapidly in numbers in the 
area 1 inch beneath the hoop edge but growth, as shown by increase in num- 
bers, did not occur until several hours later in the interior. Ga increased 
in numbers in the area 1 inch beneath the hoop edge 1 to 3 hours after 
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dipping; in the 2-inch area in 5 hours, and at 3, 4, 5, and 6 inches no in- 
crease in numbers was evident until the sixth or seventh hour after dipping. 
The temperature and pH curves for the same cheese, presented in Figure 2, 
demonstrate the rapid decrease in temperature in the outer 1-inch area, the 
progressively less rapid decrease at increasing distances from the hoop edge, 
and the corresponding increase in acid with the decrease in temperature. 
It may be seen from these results that a sample to be representative of the 
interior of the cheese should be obtained at a point at least 4 inches from 
the hoop edge. Each hump in the pH curves in Figure 2 represents a 
diminution of acidity which may occur when the growth of C, is retarded 
before the lactobacilli begin to grow. 

Data from a similar study of laboratory cheeses made with a different 
lactobacillus culture are shown in Table 3. The starters used were L. hel- 


TABLE 3 
Bacterial growth and acidity in laboratory Swiss cheese (L. helveticus and 
S. thermophilus starters) 


oe 1 INCH BENEATH HOOP EDGE | INTERIOR OF CHEESE 
NO. rr Counts per gram | | Counts per gram 
DIPPING pH pH 

39a Cs | 39 | Cs 
1 6.29 | 6.36 | pwned 39,700,000 
3 5.56 5,430,000 | 888,000,000 | 6.07 | 6,940,000 | 38,900,000 
| 5 5.28 | 48,700,000 | 849,000,000 | 5.82 | 2,950,000 | 207,000,000 
| 7 5.21 193,000,000 | 1,410,000,000 | 5.44 | 1,200,000 | 362,000,000 
9 5.15 | 355,000,000 | 1,380,000,000 | 5.39 | 3,050,000 | 453,000,000 
21 4.98 | 5.00 | 367,000,000 | 667,000,000 

a 7 5.23 | 245,000,000 790,000,000 || 5.48 | 2,650,000 | 273,000,000 
~ | 5.01 | 533,000,006 | 1,200,000,000 | 5.36 | 63,200,000 158,000,000 


veticus (Bergey, 1934) (39a) and S. thermophilus (C,). These results 
further demonstrate the early growth of C, throughout the cheese. 39a 
began to grow about 3 hours after dipping in the. area 1 inch from the hoop 
edge, but there was no increase in numbers in the interior of the cheese 
until the ninth hour. 

The effect of combinations of starters of different activities on bacterial 
growth and pH in the outer 1-inch area and in the interior of factory cheese 
is shown in Table 4. The starters used in the 3 cheeses were: No. 1, 5 per 
cent of L. bulgaricus (39aH) skim milk grown at 46° C. for 12 hours and 
4 per cent of C, whey grown at 36.5° for 12 hours; No. 2, ;s per cent of 
‘39aH whey grown at 43° for 12 hours and } per cent of C, whey grown at 
38.5° for 12 hours; No. 3, ;4s per cent of 39aH whey grown at 43° for 12 
hours and 4 per cent of C, skim milk grown at 36.5° for 12 hours. 

The data show that C, and 39aH are more active in the cheese when 
grown in skim milk than when grown in whey. 
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In this experiment the rapid acid production in the interior of cheese 
No. 3, especially during the first 3 hours, resulted in more extensive drain- 
age and in a higher scoring cheese than was obtained in cheeses Nos. 1 and 2. 
This would indicate that the basis for proper drainage is established during 
the first few hours after dipping. It is evident that 8S. thermophilus (C,), 
which is‘the active starter during this period, performs a significant réle in 
the drainage of Swiss cheese (2). Furthermore, these results indicate that 
the proper combination of starters to use depends upon the activity of each 
starter. The more active the lactobacillus starter the greater is the need for 
an active S. thermophilus starter to facilitate drainage from the interior of 
the cheese. 

A great difference in the rate of cooling between the interior and the 
outer l-inch area causes a correspondingly great difference in the rate of 
acid production and thus causes expulsion of a small proportion of the 
whey. In 60 laboratory cheeses there were 16 cheeses in which the differ- 
ence in pH at 3 hours between the interior and the area 1 inch beneath the 
hoop edge was less than 0.30, with an average percentage of moisture in 21 
hours of 38.02; 21 cheeses with a difference in pH of 0.30 to 0.40, with an 
average percentage of moisture of 38.39; and 23 cheeses with a difference 
in pH of over 0.40, with an average percentage of moisture of 38.58. The 
drier cheeses had the higher average scores. 

In these 60 cheeses, determinations of moisture both in the interior and 
in the area 1 inch beneath the hoop edge were made at 21 hours. In 48 of 
the 60 cheeses, the percentage of moisture was greater just under the rind 
than in the interior. This tendency for moisture to collect just beneath the 
surface is a possible explanation for the occurrence of the defective whitish, 
grainy, and checked area that is often found just beneath the rind. 


ACIDITY AND BACTERIAL COUNTS OF CHEESE CLOTHS 


In connection with studies of acidity it was found that at dipping the 
pH of the whey on the top of the cheese and in contact with the dipping 
cloth was 6.32, while that of the whey obtained from within the cheese was 
6.45. Orla-Jensen (11), in work referred to earlier in this paper, found 
that acidity in used cheese cloths materially increased the titration values 
of the whey as it flowed from the cheese boards. It was therefore con- 
sidered desirable to study the effect of the cloths upon bacterial activity in 
the cheese. 

In order to study the amounts of acid contained in dipping cloths, 2 

“cloths were each soaked for 10 minutes in 1,500 ce. of sterile distilled water. 
The rinse-waters thus obtained, when titrated with phenolphthalein as an 
indicator, were found to contain 0.078 and 0.065 per cent acid, respectively. 

In order to determine whether the bacteria present in the cloths used 
on the cheese had any influence on the rate of acid development at the sur- 
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face of the cheese, two cloths were used on cheeses and then washed as 
usual ; one was dried in the usual manner after washing, and the other was 
thoroughly autoclaved before drying. On the following day these cloths 
were each soaked in 500 ce. of sterile distilled water for 10 minutes. All 
but a small amount of this water was absorbed by the cloths. In the re- 
maining water the counts of organisms per ce. were as follows: (1) from 
unsterilized cloth: 1,000 yeasts, 10,000,000 streptococci, and 100,000 rods ; 
(2) from autoclaved cloth: 10 yeasts, 1,000 streptocoeci, and 10 rods. The 
unsterilized or regular cheese cloth contained large numbers of bacteria, 
particularly of the S. thermophilus type, as compared with the low counts 
in the autoclaved cloth. These two cloths were used on two factory cheeses 
at the second turning. No difference was found in the rates of acid develop- 
ment at the surfaces of the two cheeses. 
DISCUSSION 

The temperature of Swiss cheese in the press has been found to decrease 
rapidly in the outer 1-inch area during the first 3 or 4 hours after dipping. 
The rate of cooling becomes less as the distance from the hoop edge toward 
the center becomes greater. After the fifth hour all parts of the cheese 
cool at a fairly uniform rate, the temperature reaching 36° to 46° C. in the 
interior of the cheese in 21 hours. The decrease in temperature is compara- 
tively large in small cheese and in those held at a low room temperature. 

The rapid cooling in the outer 1-inch area, as compared with that in the 
interior, results.in a corresponding increase in bacterial growth and acid 
production near the surface. When the difference in pH at 3 hours be- 
tween the outer area and the interior is large, e.g., more than 0.30, the cheese 
tends to retain moisture and is therefore likely to show checking near the 
rind or a splitting of the curd known as ‘‘glass.”’ 

Experimental data presented herein show that acid production, as shown 
also in paper No. II of this series (7), and the extent of drainage in the 
interior of the cheese during the first 4 to 6 hours, are due largely to the 
growth of S. thermophilus. The lactobacilli do not start to grow in the 
interior of the cheese until 5 to 10 hours after dipping, when the tempera- 
ture conditions become favorable. L. bulgaricus (39aH and Ga) having a 
higher maximum growing temperature begins to grow in the interior of the 
cheese at about the fifth or sixth hour, but ZL. helveticus (39a) does not 
begin to grow until the ninth hour or later. 

In the outer 1-inch area, however, 8S. thermophilus begins to grow soon 
after the cheese is placed in the press; Ga and 39aH about an hour later; 
and 39a about 3 hours after dipping. Consequently, there is a tendency 
for acid production to start quickly and proceed rapidly near the perifery. 
The inerease in acidity hastens the expulsion of whey from the cheese parti- 
cles, causing them to cohere more closely and finally to mat together. As a 
result, the more rapidly acid is produced near the perifery, the sooner there 
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is formed a matting of the cheese particles, causing in a few hours the 
gradual formation of a layer about the cheese which, as time goes on, be- 
comes an almost impervious barrier through which whey can pass only very 
slowly. If, therefore, the lactobacilli are very active and 8. thermophilus 
weak or low in numbers, an excessive amount of whey is retained and it 
tends to collect near the rind. This causes the cheese to be wet and to 
‘‘leak’’ in the press, resulting finally in the defects referred to above. 
When, therefore, an active Ga or 39aH starter is used, a particularly active 
S. thermophilus starter should be employed to hasten drainage from the 
interior of the cheese. The use of a lactobacillus starter such as 39a, which 
produces delayed activity in the cheese, requires the use of a S. thermophi- 
lus starter which will produce prolonged activity so that the production of 
acid will be continued until the lactobacilli begin to grow. 

It has been pointed out (5) that S. thermophilus probably always oc- 
curred naturally in the starter or has had its source either in the milk or 
cheese equipment or in the milk itself. Reports of investigators in Switzer- 
land show the presence of a streptococcus in the natural rennet from 
stomachs. Our observations, based on several direct isolations, have shown 
that 8. thermophilus is often present as a contamination of the lactobacillus 
cultures as handled in the cheese factories. Due to its relatively high ther- 
mal death point, S. thermophilus withstands the usual washing and steril- 
izing of cheese equipment. The equipment is invariably heavily seeded 
with this organism, which may thus gain entrance into the cheese day after 
day. An examination of the fresh milk also shows the presence of this 
organism, especially if whey is returned to the farmers in milk cans. The 
contamination by 8. thermophilus from these sources may be so great that 
it may be necessary to add only a small amount of the streptococcus starter. 

The rate at which drainage occurs must also be given careful considera- 
tion. Slow biological activity in the jnterior results in slow drainage of 
whey from the cheese and provides conditions favorable for the growth of 
gas-forming bacteria, which if present in large numbers may cause the 
pressler defect, or an excessive amount of acid may be formed later in the 
press and as a result, in the early stages of ripening, normal eye-formation 
may be retarded and the cheese may be ‘‘blind’’ or the defects known as 
“‘elass’’ and rind-checking may occur. If acid production and drainage 
progress too rapidly during the early hours on the press (pH 5.75 or less 
at 3 hours), the further production of acid is likely to be deficient (pH 5.30 
or more at 21 hours), and the cheese body is likely to be short and crumbly 
and the curd poorly knit, as pointed out in papers II (7) and III (8) of 
this series. Such a cheese tends to take on ‘‘set’’ too early and to become 
‘*overset,’’ and the eyes are likely to be ‘‘cabbagy’’ and irregular in shape. 
Koestler (9) has pointed out the harmful effects of too little and too much 
acidity in the press, from the standpoint of effects upon curd properties 
and upon the ripening and the final quality. Dorner (4) has concluded 
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that it is desirable to so regulate the use of starters as to provide a rate of 
acid production which is neither too rapid nor too slow, thereby promoting 
adequate drainage and improved quality of cheese. 

The drainage of Swiss cheese results in the loss of other substances in 
addition to moisture. These substances undoubtedly include such readily 
available food for bacterial growth as lactose, soluble proteins and certain 
colloidal nitrogenous material. The amounts of these substances retained 
in the cheese undoubtedly depend in part on the rate and amount of drain- 
age. If drainage progresses too rapidly there is apt to be a deficiency of 
these food materials for the proper growth of the starter and eye-forming 
bacteria. At the same time other bacteria, due to their less fastidious 
natures, can grow and may cause abnormal eye-formation and the other 
defects referred to above. On the other hand, if drainage is retarded, 
larger amounts of these food materials are apt to be retained, causing too 
great bacterial activity. In this case the excessive amount of acid formed 
is likely to retard eye-formation and influence the normal ripening process 
unfavorably. Additional work is needed to show what effect drainage has 
upon eye-formation and upon the final ripening of Swiss cheese. 

The proper use of starters will provide sufficient numbers of S. thermoph- 
ilus of the proper activity to reduce the pH in the interior to about 6.00 in 
3 hours, as shown in papers IT (7) and III (8) of this series, or a pH de- 
crease of 0.30 to 0.40 in that time, and will provide sufficient numbers of 
active lactobacilli to continue the decrease in pH at a fairly uniform rate 
so that the pH may reach 5.00 to 5.15 at 21 hours. This 21-hour pH read- 
ing may tend to be misleading the nearer it approaches 5.00 or slightly 
below, since this is about the maximum acidity reached in Swiss cheese. 
In order to be certain of a uniform decline in pH, it is believed desirable 
either to make a pH reading in 16 to 18 hours after dipping or to work 
toward a pH value of 5.10 to 5.15 at 21 hours. 


SUMMARY 


Temperature, pH, and bacterial counts were determined in Swiss cheese 
in the press at regular time intervals from dipping to 21 hours in samples 
taken at definite distances from the outer edge of the cheese. Results were 
obtained from studies of 55-pound laboratory cheeses and also from large 
factory cheeses. Moisture determinations were made on samples from the 
laboratory cheeses. The following conclusions were drawn from the results: 

1. The area just beneath the rind cools more rapidly than the interior. 

2. Bacterial growth and acid production correspond in general with the 
decrease in temperature of each part of the cheese. 

3. While all the starter bacteria begin to increase in numbers in the 
area 1 inch beneath the rind during the first few hours after dipping, the 
initiation of growth in the interior was shown to occur at the following 
intervals of time from dipping: S. thermophilus (C,), within 2 or 3 hours; 
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L. bulgaricus (Ga and 39aH), after 5 or 6 hours; and L. helveticus (39a), 
after 9 or 10 hours. 

4. Essential functions of 8. thermophilus in Swiss cheese in the press 
are the production of acid and the consequent facilitation of drainage from 
the interior of the cheese during the first 4 to 6 hours after dipping. 

5. Large differences in pH between the interior and the area just be- 
neath the rind result in insufficient drainage and high moisture content, 
and may tend to cause such defects as checking near the rind or a splitting 
of the curd known as ‘‘glass.’’ 


6. Bacterial content of cheese cloths was found not to influence the rate 
of acid production near the surface of the cheese. 

7. Samples from the interior of the cheese, in order to yield results 
representative of the interior of the cheese, should be obtained at points at 
least 3 or 4 inches from the hoop edge. 


8. A judicious use of starters promotes sufficient acid production 
throughout the cheese and thereby aids in uniform drainage. 


REFERENCES 


(1) Burkey, L. A. Methods for determining the persistence of certain important 
bacteria in Swiss cheese. (Abstract.) Jour. Bact. 21: 40-41. 1931. 

(2) Burkey, L. A., AND SANDERS, G. P. The influence of bacterial growth and acid 
production on the draining of Swiss cheese in the press. (Abstract.) Jour. 
Bact. 23: 61-62. 1932. 

(3) Burri, R. Die Bakteriologie des Emmentalerkiises. Schweiz. Milchztg. 60: 231- 
233. 1934. 

(4) Dorner, W. Nouveaux progrés de la science fromagére. Conference. 26 p. 
Berne, Impr. federative. Extr. de 1’Industrie laitiére suisse. 1934. 

(5) Frazier, W. C., BurKEy, L. A., MATHESON, K. J., anp Watson, P. D. Thermophilic 
streptococci as starters for Swiss cheese. JOURNAL OF DAIRY SCIENCE 16: 387- 
399. 1933. 

(6) Frazier, W. C., SANDERS, G. P., Boyer, A. J., anp Lone, H. F. The bacteriology 
of Swiss cheese. I. Growth and acfivity of bacteria during manufacturing 
processes in the Swiss cheese kettle. Jour. Bact. 27: 539-549. 1934. 

(7) Frazier, W. C., Burkey, L. A., Boyer, A. J., SANDERS, G. P., anp MatTueson, K. J. 
The bacteriology of Swiss cheese. II. Bacteriology of the cheese in the press. 
JOURNAL OF DAIRY SCIENCE 18: 373-388. 1935. 

(8) Frazier, W. C., JoHNson, W. T., Jr., Evans, F. R., anp RAMSDELL, G. A. The 
bacteriology of Swiss cheese. III. The relation of acidity of starters and of pH 
of the interior of Swiss cheeses to quality of cheeses. JOURNAL or Dairy 
SCIENCE 18: 503-510. 1935. 

(9) Korstier, G. Zur Kenntnis der chemischen Grundlagen der Girungen im Emmen- 
talerkise. Landw. Jahrb. Schweiz. 47: 156-202. 1933. 

~(10) OrLA-JENSEN, S. De 1’influence de la cuisson sur les fromages d’Emmental. Ann. 
Agric. de la Suisse. 7: 20-23. 1906. 
(11) OrLa-JENSEN, S. Sur la fermentation lactique dans les fromages d’Emmental. 
Ann. Agric. de la Suisse. 7: 253-281. 1906. 
(12) Vas, K. Das spezifische Gewicht, der Wassergehalt der Bruchkérner und die Rolle 


des Warmens (Brennens) bei der Emmentaler Kiisebereitung. Milchw. Forsch. 
11: 519-529. 1931. 


COMBINATION OF CATALYSTS TO REDUCE DIGESTION 
TIME IN THE DETERMINATION OF NITROGEN 


II. Datry Propucts 


CHARLES F. POE anp R. R. SCHAFER 
Chemistry Department, University of Colorado, Boulder, Colorado 


INTRODUCTION AND HISTORICAL REVIEW 


The time required for the determination of nitrogen has been materially 
reduced since Kjeldahl (1) first proposed his original method. This reduc- 
tion has been made possible by introducing into the reaction mixture potas- 
sium sulphate and catalysts such as mercury and copper. Just recently, the 
use of selenium has been advocated as a catalyst. Although Lauro (2) was 
the first to investigate the use of selenium, this substance has been combined 
with other catalysts by several investigators (3 to ll ine.) Of these workers, 
several (7, 8, 10) have found this element to reduce materially the amount 
of nitrogen obtained in the analysis. Sandstedt (11) also has found with 
selenium some loss of nitrogen on long heating. 

Nearly all of the investigations of the determination of nitrogen in which 
selenium has been used have been with cereal products. In this communica- 
tion, there are reported the results obtained when selenium is used with other 
catalysts in the determination of nitrogen in dairy products. No experi- 
mental data are available on the efficiency of selenium when combined with 
copper, mercury, and strong hydrogen peroxide. 


METHODS AND EXPERIMENTAL DATA 


The method employed was the Gunning modification of the original 
Kjeldahl method, which is official with the Association of Official Agricul- 
tural Chemists (12). Given amounts of each dairy product were weighed 
or measured into ten digestion flasks. In case of cheese and milk powder, 
one gram was used. With the liquid products, the weight was determined 
by multiplying the cubic centimeters by the specific gravity. Five ec. of 
evaporated milk and ten ce. of fresh milk were used. After the dairy product 
had been added to the digestion flask, ten grams of nitrogen-free potassium 
sulphate and twenty cc. of concentrated sulphuric acid were added. The 
following catalysts or combination of catalysts were separately added to each 
of the nine digestion flasks, the tenth being used as a control without cata- 
lysts. 

(1) One ee. of thirty per cent hydrogen peroxide was added at the begin- 
ning of the heating process and then each five minutes during the digestion 
* until the solution cleared. 

Received for publication May 10, 1935. 
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(2) Five-tenths gram of HgO. 

(3) Five-tenths gram of HgO with hydrogen peroxide added as in (1). 
(4) Two-tenths gram of selenium. 

(5) Two-tenths gram of selenium with hydrogen peroxide added as 


(6) One gram CuSO, 5 
(7) One gram CuSO,-5 H,O with hydrogen peroxide added as in (1). 
(8) Three-tenths gram HgO, 0.1 gram selenium, and 0.5 gm. CuSO,- 


(9) The same catalysts as in (8) with hydrogen peroxide added as 
in (1). 

The contents of each flask were digested over electrically-heated plates, 
all units of which were of the same construction and gave the same amount 
of heat. Each sample was heated until the liquid cleared. 

The records of the digestion times and the amount of proteins obtained 
are given for each dairy product in Tables 1, 2, 3, and 4. 

A study of the Tables shows that when strong hydrogen peroxide was 
used with CuSO,, HgO, and selenium separately, there was only a slight 
reduction in the digestion time over that obtained without the hydrogen 
peroxide. The accuracy of the protein determination was not affected. The 
combination of copper, mercury, and selenium materially reduced the time 
of digestion over that obtained when each catalyst was used separately. The 
addition of strong hydrogen peroxide to the mixture of these three catalysts 
still further reduced the time of digestion, but not enough to warrant the 
additional trouble and expense. 

In every case where CuSO, was used, either alone or with hydrogen 
peroxide, the results for protein seem to be slightly lower than those obtained 
with other catalysts. 


CONCLUSIONS 


1. Hydrogen peroxide when used with copper, mercury, and selenium 
(separately or in combination) reduces somewhat the digestion time and 
does not impair the accuracy of the determination. 

2. The combination of the three catalysts (Cu, Hg, and Se) showed a 
reduction in digestion time from 105 to 13 minutes (averages) when com- 
pared to that of the Gunning method. When hydrogen peroxide was used 
with these three catalysts, the reduction in time was from 105 to 10.7 minutes 
(averages). 
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THE RELATION OF MASTITIS TO RENNET COAGULABILITY 
AND CURD STRENGTH OF MILK* 


H. H. SOMMER anp HELENE MATSEN 
Department of Dairy Industry, University of Wisconsin 


INTRODUCTION 


Various estimates have been made as to the prevalence of mastitis among 
cows that furnish milk to our regular commercial outlets. As early as 1888 
Hess, Schaffer and Bondzynski (1) classed udder inflammations with 
diseases that most commonly afflict domestic animals. Minett (2) in 1930, 
Seelemann (3) in 1932, and Rosell (4) in 1933 reviewed publications show- 
ing the prevalence of mastitis in various sections of the world; citations 
showing from 15 to 40 per cent of the cows infected with mastitis are 
common, and in some cases the majority of cows were reported as afflicted. 
Seelemann points out that the widespread prevalence of mastitis is usually 
unsuspected. Dairymen are likely to feel that in their respective com- 
munities the disease is much less common, but when surveys are made they 
usually show its prevalence to be in harmony with published results. 

While the exact estimates may differ, it is clearly evident that an 
appreciable portion of our regular commercial milk comes from cows afflicted 
with subclinical mastitis. Unquestionably many investigations of dairy 
problems in the past have been complicated by the inclusion of such unsus- 
pected abnormal milk. Fortunately such investigations still are typical 
of commercial conditions, but we should also understand dairy problems 
in relation to strictly normal milk so that we may anticipate the benefits 
or even new problems that may arise from the elimination of milk from 
mastitis udders. The present study was undertaken to determine the rela- 
tion of mastitis to the rennet coagulability and curd strength of milk. 


REVIEW OF LITERATURE 


In 1932 Monier and Sommer (5) in a paper before the American Dairy 
Seience Association reported that two samples of milk which had been 
selected and studied as typical soft-curd milk were later found from the 
veterinarian’s record to have shown a history of mastitis during the time 
the samples were being studied. Further work then undertaken showed that 
while mastitis was not the sole cause of soft-curd milk, it did lower the 
_eurd strength. In 1933 Doan and Welch (6) confirmed this conclusion 
and attributed the lower curd strength of milk from infected udders mainly 
to the lower casein content of such milk. In 1934 Hansen, Theophilus, 
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Atkeson and Gildow (7) reported results to show that mastitis caused by 
streptocoecie infection invariably lowered the curd strength, but that 
staphlocoecie infections did not affect the curd strength appreciably. 

As early as 1888 Hess et al. (1) emphasized the damaging effect of milk 
from infected udders on cheese making. Koestler (8) in 1921 noted the 
slower coagulation of such milk with rennin, and in 1926 Koestler et al. (9) 
reported a higher protein and fat loss in the whey and a more milky appear- 
ing whey in making cheese from such abnormal milk. Hill in 1932 (10) ecom- 
pared soft-curd and hard-curd milk in cheese making ; he found a higher fat 
loss in the whey with the soft-curd milk but there was no significant differ- 
ence in the casein content of the whey. The protein content of the soft-eurd 
milk was 3.33 per cent as compared with 3.8 per cent in the hard-eurd milk. 

PROCEDURE 

The milk samples used in this study were obtained from the cows in the 
University of Wisconsin Herd which had for some time been segregated into 
**streptococcus-free’’ and ‘‘infected’’ groups on the basis of close veterinary 
supervision which involved udder inspection by manipulation, and on the 
basis of the following tests applied to the milk: strip eup test, chlorine 
content by direction titration, brom cresol purple test, catalase test, rennet 
test, plate colony count on blood agar. Where streptococci were found, 
tests were made to identify them further, and in all cases the organisms 
were found to belong to the alpha-group. These tests were in progress 
throughout this study, and diagnoses were being made entirely inde- 
pendent of it, with the aim of securing a herd that was strictly normal; 
the ‘‘infected’’ group, as a result, included some cows for which the diag- 
nosis was doubtful. All the cases of mastitis included were comparatively 
mild ; the milk samples in all cases, even where quarter samples were studied, 
were normal in appearance to casual or untrained observers and in ordinary 
herd practice would in all probability have been included in the regular 
milk supply. 

The curd strength tests were made according to the Hill (11) procedure, 
modified as to the method of mixing the milk and coagulant, and as to the 
equipment used. Mixing was accomplished by discharging the previously 
tempered milk sample from a 100 ce. pipette with an unusually large delivery 
opening (water at 20° C., discharge time 4.4 sec.), into the jar that already 
contained the coagulant, giving the jar a rotary motion in the meanwhile and 
directing the stream towards the lower corner of the jar. The same curd 
knife was used for all tests, reversing the blades on the stem for a down- 
ward thrust. Using equipment as illustrated in Figure 1, the jar and its 
contents were placed on the scale platform and the movable dial adjusted 
to bring the ‘‘zero’’ reading under the indicator; with the curd knife in 
position directly over the coagulated milk, the air eseape was then opened 
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Fic. 1. EQUIPMENT USED FOR THE MODIFIED HILL CURD STRENGTH TEST. 


to permit the curd knife to descend at a constant rate as regulated by a 
needle valve control on the air escape. The resistance encountered by the 
knife in passing through the curd could then be read off the dial directly. 
The coagulation time with rennin was determined on 50 ce. of milk at 
30° C. with 1 ee. of a 1 to 50 dilution of commercial rennet extract added. 
Wide mouth bottles with a capacity of 135 ce. were used (inside dimensions ; 
body-diameter 4.8 em., height 8 em., neck-diameter 3 cm.). Equipment 
as illustrated in Figure 2 was used for tempering the samples, maintaining 
the temperature during the test and timing the coagulation. During the 
test the bottles rested on rollers at an angle of approximately 20 degrees 
from the horizontal and were immersed in the water up to the mouth. The 
rollers revolved to impart motion to the bottles at the rate of about 8 R.P.M. 
When the film of milk that clings to the inside surface of the inclined, 
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Fic. 2. EQUIPMENT USED FOR DETERMINING THE RENNET COAGULATION TIME OF MILK. 


revolving bottle showed the first signs of graininess the test was terminated. 
With ten samples being timed simultaneously, the timing was accomplished 
conveniently by engaging and disengaging revolution counters at the start 
and end of the respective tests. 


EXPERIMENTAL RESULTS 


A number of curd strength tests were made on the milk from the indi- 
vidual cows in the normal and abnormal herds. Later the coagulation time 
with rennet was also determined. Table 1 gives a summary of the results. 
Samples on which both tests were run are averaged separately in Columns 
5, 6 and 7, but are also included in the number of tests and the average 
eurd strengths as shown in Columns 3 and 4. There is little evidence of 
correlation between the curd strength and rennet coagulation time. 

The average curd tension of the milk from 31 normal cows (388 tests in 
all) was found to be 48.56 grams, while the average for 15 infected cows 
(191 samples in all) was 39.17 grams. The normal herd contained no 
cows giving milk with an average curd strength below 30 grams, while the 
infected herd contained 5 cows giving milk with a curd strength of less 
than 30 grams. The average rennet coagulation time for the normal herd 
was 7.56 minutes as compared with 10.61 minutes for the infected herd. 

A number of the cows with infected udders were milked in such a 
manner as to keep the milk from the individual quarters separate. Pint 
samples from each quarter were brought to the laboratory for curd strength 
and rennet coagulation time measurements. Table 2 presents a summary 
of the results. Values given in bold face type represent infected quarters, 
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TABLE 1 


Curd strength and rennet coagulation time of milk from normal and infected udders 


CURD STRENGTH 


CURD STRENGTH & RENNET COAG. 


cow BREED No. of | Tension No. of Tension Coag. time 
tests grams tests grams minutes 
(NORMAL UDDERS) 
Nell Holstein 1 48.00 || 1 48,00 6.12 
Girl on | 15 46.40 4 | 39.75 6.50 
Homestead #8 16 36.94 4 36.25 12.43 
Becky we | 6 52.17 2 49.00 8.20 
Joan sé | 15 59.73 4 59.25 6.85 
Ida « | 16 63.88 4 63.00 6.38 
Rose nin 16 69.00 4 61.00 4.94 
Jo oss 16 50.38 5 50.00 13.97 
Cordelia ii 13 59.31 2 45.50 14.22 
Pearl - | 3 33.67 3 33.67 4.77 
Lassie Ayrshire | 16 50.19 3 49.33 12.15 
Quince as 16 50.69 3 53.67 10.52 
Priscilla Guernsey 6 45.17 5 | 47.40 7.51 
Faye oe 16 53.66 4 | 49.50 9.27 
Mabel sig 9 37.22 3 28.33 4.83 
Chum 66 | 9 31.56 1 29.00 6.42 
Florence Brown Swiss 7 35.28 
Fuschia “ “ | 6 37.33 3 | 32.33 | 5.59 
Meridian “ sid 8 35.50 4 | $2.75 7.63 
Fairmaid eK 14 53.50 3 | 57.00 5.69 
Monona - - 16 31.69 3 28.67 5.08 
Fidelity ee 34.47 3 | 25.67 6.44 
Fan ie - 15 34.33 3 37.33 6.50 
Eminent Jersey 15 41.13 2 48.00 5.72 
Logas 7 15 54.07 3 51.33 | 7.54 
Safety Belle ‘‘ 11 58.18 3 58.67 5.89 
Nita «“ 17 72.12 5 68.00 | 6.42 
Lotus - 7 61.94 2 63.00 | 5.75 
Lena i 16 66.81 2 57.50 8.29 
Nina slog 17 70.47 3 69.33 7.67 
Fawn es 10 30.70 3 32.00 7.59 
Average (388) 48.56 (94) 46.81 7.56 
(INFECTED UDDERS) 
Alice Holstein 15 27.47 5 30.20 22.36 
Anita s¢ 14 52.78 + 47.50 8.90 
Ruth 6 8 39.38 1 36.00 6.73 
Inka sad 13 33.07 4 39.50 14.88 
Champion vs 12 20.42 2 18.00 17.07 
Pontiac ie 11 26.27 2 22.50 5.99 
Allee 9 17 26.94 5 26.40 13.22 
Lila Ayrshire 7 38.29 4 36.75 7.63 
N. Sally Guernsey 17 48.59 5 47.00 7.98 
C. Sally “ 13 38.00 1 32.00 4.7 
Myrtle $6 14 54.86 3 56.33 10.64 
Faith Brown Swiss 15 26.07 + 25.75 13.38 
Nanette Jersey 17 73.53 5 70.40 6.48 
Lee Murn Brown Swiss 17 41.88 5 39.79 10.92 
M-85 Holstein 1 40.00 | 1 40.00 8.26 
Average (191) 39.17 (51) 37.87 10.61 
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the diagnosis having been made independent of this work as already ex- 
plained. The average curd strength of the milk from normal quarters was 
45.35 grams as compared with 23.65 grams for the milk from infected 
quarters. The rennet coagulation time was 9.70 minutes for the milk from 
normal quarters as compared with 43.79 minutes for the infected quarters. 
The most notable exception from these average indications is presented by 
the milk from C. Sally; one of the abnormal quarter samples showed a 
significantly higher curd strength than the normal quarters, and both 
abnormal quarters showed a decidedly more rapid coagulation with rennet. 
These results are partly explained by the pH as determined by the quinhy- 
drone electrode. Evidently this cow had an infection which caused the 
milk to be more acid than normal. This was further confirmed by consult- 
ing the records of the veterinarian for January 9th (before this study was 
started) which showed the following pH values as determined colorimetri- 
eally: RF 6.8, RR 5.8, LR 6.7, LF 5.7. 

Table 3 gives the results of a similar study of milk samples from indi- 
vidual quarters of cows which had been independently diagnosed as normal. 
While there are some variations in the curd strength and rennet coagulation 
of the milks from the four quarters of the same udder, in general these 
values were far more constant than those obtained with cows having one 
or more infected quarters as in Table 2. It is interesting to note that the 
average values obtained for normal cows when the milks were studied by 
individual quarters agreed quite closely with the average values obtained 
for normal cows (Table 1) when the entire milking was sampled. 


CONCLUSION 


Subclinical mastitis causes the milk to have a lower curd strength and 
to coagulate more slowly with rennet. This result was obtained both when 
entire milkings from normal and infected udders were compared as in 
Table 1, and when samples from infected quarters were compared with the 
milk from uninfected quarters of the same udder. This conclusion is further 
corroborated by the relatively greater constancy in the curd strength and 
rennet coagulation of milk from the four quarters of uninfected udders. 


Acknowledgment is gratefully made of the cooperation by Professor 
F. B. Hadley and Professor E. G. Hastings in making their diagnoses and 
records available to us. 
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THE STANDARDIZATION OF THE BORDEN BODY FLOW 
METER FOR DETERMINING THE APPARENT 
VISCOSITY OF CREAM 


J. C. HENING 
New York Agricultural Experiment Station, Geneva, N. Y. 


INTRODUCTION 


It is a well known fact, that, in spite of constancy of method of cream 
handling and processing, there is considerable daily and seasonal variation 
in its viscosity. Due to demand from production men of milk plants for a 
simple method of estimating cream body, a small simple efflux instrument 
was developed by Nair and Mook (1). A detailed description and illustra- 
tions of the Borden Body Flow Meter is given by them. 

Since the Borden Body Flow Meter is coming into use in milk plants for 
determining the apparent viscosity of cream, it seemed desirable to compare 
the results obtained with it with results obtained by using a standard in- 
strument such as the MacMichael viscometer. Although the MacMichael 
viscometer does not give true viscosity for mixtures of colloids and an 
emulsoid as found in milk and cream, it does give more accurate results 
than flow types of instruments with changing head pressure. 


EXPERIMENTAL 


Solutions of sucrose ranging from 20 to 65 per cent were prepared with 
commercial cane sugar and distilled water. The percentage of sugar in the 
solutions was determined with saccharometers. 

The viscosities of these sucrose solutions were determined in duplicate 
by the use of the MacMichael viscometer and the Borden Body Flow Meter. 
The operation of the MacMichael viscometer was in accordance with the 
recommendations in Eimer and Amend’s Bulletin No. 280 using a number 
30 wire calibrated with oils of known viscosity. The measurements with 
the MaeMichael viscometer were taken after the oscillation of the bob 
became approximately constant. The operation of the Borden Body Flow 
Meter was in accordance with the recommendations of Nair and Mook (1). 
They also recommended the use of two interchangeable tips; one of 2.78 mm. 
diameter for cream containing 30 per cent of fat or more and one of approxi- 
mately 1.97 mm. for thinner creams. Arbitrary temperatures for com- 
‘mercial purposes of 15.6° C. (60° F.) for heavy creams and 10° C. (50° F.) 
for light creams were chosen by them. The 2.78 mm. tip was used for all 
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the work reported in this article. The viscosity determinations of the 
sucrose solutions were made at 20° C. (68° F.) and those of the cream were 
made at 15.6° C. (60° F.). The samples were tempered in a water bath in 
a room held at the temperature at which the determinations were made. 
Water in the bath of the MacMichael viscometer was also held at the tem- 
perature of the determination. 

Viscosity determinations were made on two complete series of sucrose 
solutions. The results secured by the MacMichael viscometer and Borden 
Body Flow Meter are given in table 1 and the viscosities in centipoises as 


TABLE 1 
Viscosity of sucrose solutions as determined by the MacMichael viscometer and 
Borden Body Flow Meter at 20° C. (68° F.) 


SUCROSE VISCOSITY WITH VISCOSITY WITH 
SOLUTIONS MACMICHAEL VISCOMETER BORDEN FLOW METER 


per cent centipoises seconds 


First series of sucrose solutions 


21.1 3.0 28.0 
39.5 7.0 40.0 
w* 20.0 87.0 
x* 31.0 119.5 
614 73.5 279.0 
63.5 109.0 412.0 
64.4 | 128.8 492.6 


Second series of sucrose solutions 


20.5 3.0 28.0 
41.0 7.5 41.0 
50.3 16.2 69.5 
59.5 52.0 201.5 
63.0 95.0 353.5 
64.5 129.5 488.0 
65.0 168.0 624.5 


* The percentage of sugar was not determined. 


determined by the MacMichael viscometer are plotted against the seconds 
as determined by the Borden Body Flow Meter in Figure 1. Figure 1 gives 
a straight line relationship passing through zero which shows that the 
Borden Body Flow Meter gave correct results throughout the entire range 
for a true solution. The points indicating the seconds flow for the less 
viscous sucrose solutions are slightly below the line probably because the 
bore of the tip was too large to give accurate results with such solutions. 
The Borden Body Flow Meter, as previously mentioned, has a tip with a 
smaller bore to use with thinner liquids, but the results are only slightly 
in error with the large bore. 
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VISCOSITY OF SUCROSE SOLUTIONS IN CENTIPOISES 


| 


FLOW OF SUCROSE SOLUTIONS IN SECONDS 
Fic. 1. The relationship of the apparent viscosity of sucrose solutions in centipoises 
and in seconds as determined by the MacMichael viscometer and Borden Body Flow 
Meter at 20° C. (68° F.). 


The apparent viscosities of creams were determined with the MacMichael 
viscometer and Borden Body Flow Meter. The pasteurized milk from the 
station Jersey herd was separated at 61° C. (142° F.) and then the cream 
was heated to 74° C. (165° F.) and held for 10 minutes before cooling to 
10° C. (50° F.) to reduce variations in viscosities due to fat clumping. This 
cream was standardized to the range of 30.0 to 52.5 per cent of fat, held for 
20 hours at 4° C. (39.2° F.), then placed in 4-pint bottles and tempered 
in a water bath to 15.6° C. (60° F.). All of the creams were held at this 
temperature during the time required for making the determinations. 
Tests were made at 2-hour intervals on duplicates of one of the samples 
‘to note any change in viscosity due to the holding period. The change in 
viscosity of the sample appeared to be within experimental error. 

The averages of the results of 3 different lots of 30.0, 35.0, and 40.0 
per cent cream, 2 different lots of 43.3, 45.0, 47.5, and 50.0 per cent cream, 
and from 1 lot of 42.0 and 52.5 per cent cream are given in Table 2. The 
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TABLE 2 
Viscosity of cream ranging from 30.0 to 52.5 per cent fat as determined by the Mac- 
Michael viscometer and Borden Body Flow Meter at 15.6° C. (60° F.) 


AVERAGED VISCOSITY WITH Mac | VISCOSITY WITH 
NO. TRIALS CREAM MICHAEL VISCOMETER | BORDEN FLOW METER 
per cent fat centipoises Seconds Centipoises* 

3 30.0 12.4 53.0 13.5 
3 35.0 16.7 71.5 18.0 
3 40.0 25.2 106.5 27.5 
1 42.0 | 32.0 136.0 35.0 
2 43.3 | 34.5 152.5 | 40.0 
2 45.0 38.8 179.7 47.0 
2 47.5 | 51.0 252.0 66.5 
2 50.0 | 74.0 422.0 112.0 
1 52.5 102.5 536.0 142.5 


* Seconds converted to centipoises by use of Fig. 1 based upon sucrose solutions. 


viscosities in seconds of these creams obtained by the Borden Body Flow 
Meter were transposed to centipoises by means of Fig. 1 based upon 
standardization of the instrument with sucrose solutions. As can be seen 
from Table 2, the seconds of flow obtained by the Borden Body Flow Meter 
when converted to centipoises gave nearly the same results as the viscosity 
in centipoises as determined by the MacMichael viscometer for creams 
testing from 30.0 to 40 to 42 per cent fat. For creams of higher fat con- 
tent there is a marked divergence in the viscosity in centipoises as deter- 
mined by the Borden Body Flow Meter as compared with the MacMichael 
viscometer and this divergence increases with each succeeding inerease in 
fat content. The Borden Flow Meter gave too high results which indicated 
that the results secured on sucrose solutions ought not be transposed to 
cream. 

The relationship of the apparent viscosities of the cream in centipoises, 
omitting the 52 per cent cream, as determined by the MacMichael viscosi- 
meter and the seconds as determined by the Borden Body Flow Meter are 
shown in Fig. 2. The results in seconds obtained with the Borden Body 
Flow Meter with cream show practically a straight line relationship with 
the results obtained with the MacMichael up to 25 centipoises, but there- 
after the relationship is shown by a curved line. 

A comparison of the two instruments was made on another series of 
ereams ranging from 30 to 46 per cent milk fat which was separated from 
milk pasteurized in the usual way and not heated subsequently to a higher 
temperature. In this case some of the 35.0 and 40.5 per cent cream was 
treated by the method of Hening and Dahlberg (2) for the purpose of 
increasing its viscosity. The difference in viscosity due to this treatment 
was readily detected even at 15.6° C. (60° F.). Nair also reports from 
unpublished tests that differences in viscosity between heat-treated and non- 
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FLOW CF CREAM IN SECONDS 

Fic. 2. The relationship of the apparent viscosity of creams in centipoises and 
in seconds as determined by the MacMichael viscometer and Borden Body Flow Meter 
at 15.6° C. (60° F.). 


heat-treated creams are still demonstrable at a temperature of 15.6° C. 
(60° F.) using the flow meter. The results obtained with this series of 
cream were similar to those of the preceding series except that the vis- 
cosities of these creams were a little higher because the cream had not been 
heated to such a high temperature as in the previous tests. The results 
of these tests are given in Table 3. 

As can be seen from Figures 1 and 2 and Tables 2 and 3, if the cream 
viscosity in seconds for 30, 35, and 40 per cent creams with the Borden 
Body Flow Meter was transposed to centipoises by means of Figure 1 based 
upon sucrose solutions, the reading would be 1 to 3 centipoises higher 
“than that determined by the MacMichael viscometer. For creams of higher 
fat content from 42 to 50 per cent fat the difference would range from 3 
to 38 centipoises too high. The difference in the determination with this 
instrument rapidly increases for creams having fat contents above 42 per 
cent. However, the flow in seconds of cream with the Bordon Body Flow 
Meter can be transposed to centipoises by the use of Figure 2 based upon 
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TABLE 3 
Viscosity of cream ranging from 30 to 46 per cent fat as determined by the MacMichael 
viscometer and Borden Body Flow Meter at 15.6° C. (60° F.) 


VISCOSITY WITH Z VISCOSITY WITH 
CREAM MAC MICHAEL VISCOMETER BORDEN FLOW METER 
per cent fat centipoises | seconds centipoises* 
30.0 13.0 52.0 13.5 
35.0 18.0 | 74.5 19.0 
35.0 treated 22.0 87.5 22.5 
40.5 30.0 126.0 33.0 
40.5 treated 46.5 215.0 56.8 
46.0 60.5 303.0 80.5 


* Seconds converted to centipoises by the use of Fig. 1 based upon sucrose solutions. 


results secured with cream. It should be possible by the use of Figure 2 
based upon the standardization of the Flow Meter with cream to transpose 
the viscosity of cream in seconds to centipoises, the standard unit for ex- 
pressing viscosity. In fact, if the seconds obtained with the Borden Body 
Flow Meter for the series of cream in Table 3 are converted to centipoises 
from Figure 2, the results check very close with those obtained with the 
MacMichael viscometer. 


DISCUSSION AND CONCLUSIONS 


In these experiments it has been shown that the Borden Body Flow 
Meter gave consistent results on the same and on different samples of cream. 
The accuracy of the apparatus was equally good on creams containing 
from 20 to 40 per cent of fat using only the large-bore tip of 2.78 mm. 
diameter. The same tip and temperature appeared satisfactory for the 
range of fat contents of market creams. 

Standardization of the Borden Body Flow Meter was readily accom- 
plished with sugar solutions and the seconds of flow showed a straight line 
relationship to the viscosity in centipoises. These results applied to the 
apparent viscosities of creams only up to 25 centipoises (about 100 seconds) 
which is the approximate viscosity of 35 to 40 per cent cream at 15.6° C. 
(60° F.). For creams of higher viscosity the Borden Body Flow Meter 
consistently gave results which were too high. However, results on very 
viscous creams may be transposed to approximate centipoises by the stand- 
ardization data secured on cream, thereby making it possible for those using 
this Flow Meter to compare their results quite accurately with data reported 


in centipoises. 
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THE AGE THICKENING OF SWEETENED CONDENSED MILK 
I. SEASONAL VARIATIONS* 


V. C. STEBNITZ anp H. H. SOMMER 
Department of Dairy Industry, University of Wisconsin 


Manufacturers of sweetened condensed milk have frequently found that 
during storage their product would undergo a thickening to the extent that 
it no longer remained a syrupy liquid but had the consistency of a custard. 
In some cases the thickening may have been due to the growth of certain 
types of bacteria which represented a spoilage of the product, while in other 
eases the thickening was due to physical or chemical changes which took 
place on aging but which was not accompanied by any spoilage of the prod- 
uct. Bacterial thickening may be prevented by having the sucrose concen- 
tration high enough to inhibit the growth of bacteria. Colloidal or age 
thickening has been found to be most prevalent during the late spring and 
early summer. Even though age thickening is not accompanied by the 
spoilage of the product, such a heavy body is objectionable from the stand- 
point of the consumer. The factors involved in this type of thickening 
have not been well understood and manufacturers of this product have 
refrained from canning the milk for retail trade during the period of the 
year when the milk was unstable. 


REVIEW OF THE LITERATURE 


Effect of Storage Temperature :—Rogers, Deysher and Evans (1) found 
that sweetened condensed milk thickened more rapidly at high storage tem- 
peratures, but that the increase in viscosity was not in direct relation to 
the temperature. They reported no increase in viscosity when the milk 
was stored at 10° C. (50° F.) for 121 days, a slight increase at 20° C. 
(68° F.), and a marked increase in viscosity at 30° C. (86° F.) and higher. 

Miyawaki (2) states, ‘‘In general, it may be said that about three weeks 
of ineubation corresponds to about six months of aging under natural con- 
ditions.’’ However, he does not state the temperature of incubation. 

Leighton and Mudge (3) determined the length of time for thickening 
to begin in condensed milk stored at various temperatures and concluded 
that the reaction at the higher and lower temperatures was identical. These 

~ investigators have also shown that the heat coagulation of the casein of milk 
is an endothermic reaction and that the heat absorption comes from the 
precipitation of calcium and magnesium as phosphates and citrates. The 
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heat absorption obtained with condensed milk was greater than that obtained 
from a serum made up according to the formula of Van Slyke and Bosworth. 
If enough extra calcium was added to make up for the amount combined 
with the protein the heat absorption of the serum was commensurate with 
that obtained with condensed milk. 

Effect of Forewarming Temperature:—Hunziker (4) found that fore- 
warming temperatures up to 167° F. had a slight tendency toward stabiliz- 
ing the milk over the unforewarmed milk. From 167° F. to boiling the 
effect was to unstabilize the milk, while temperatures above boiling increased 
the stability and diminished the tendency to thicken. He recommends that 
the forewarming temperature be limited to 167-170° F. for 10 minutes in 
order to control the thickening. 

Leighton and Deysher (5) found that a forewarming temperature of 
65° C. (149° F.) slightly stabilized the product as compared to that made 
from unforewarmed milk ; at 75° C. (167° F.) there was also a slight stabiliz- 
ing effect ; at 85° C. (185° F.) a decrease in stability set in, which was very 
marked at 95° C. (203° F.); and increased stability followed upon fore- 
warming at 110 and 120° C. (231 and 248° F.). 

Rogers, Deysher and Evans (1) have shown that milk forewarmed at 
80° C. (176° F.) thickened much more rapidly than milk forewarmed at 
60° C. (140° F.). They reported that satisfactory results may be obtained 
by forewarming to about 63° C. (145.4° F.) for 20 to 30 minutes. This 
temperature reduced the tendency of the milk to thicken during storage 
but there was danger of fat separation. 

Sommer (6) reported that high forewarming temperatures in the case 
of evaporated milk tended to stabilize the product when subsequently sub- 
jected to sterilizing temperatures. Leighton and Deysher (5) and Leighton 
and Mudge (3) have shown that when stability was plotted against fore- 
warming temperature the curve obtained for sweetened condensed milk was 
the reverse of the curve obtained for evaporated milk. 

According to Leighton and Mudge (3), continued forewarming at 95° C. 
resulted in a stabilization of the product, but the effect was not as marked 
as in the highly forewarmed product. However, their stability figures 
were not consistent with their observations on the viscosity. 

Leighton and Deysher (5) coneluded that the temperature of forewarm- 
ing was the major factor in determining the resistance to heat of both 
evaporated and condensed milk and that the time of forewarming was not 
so important but could not be neglected. 

Effect of Air:—Experiments by Rogers, Deysher and Evans (1) in 
which samples of sweetened condensed milk were stored in evacuated bulbs, 
showed that air was not a factor in the age thickening of the milk. 

Effect of Homogenization:—Rogers, Deysher and Evans (1) showed that 
while homogenization of sweetened condensed milk had the effect of increas- 
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ing the initial viscosity it was without appreciable effect on the progressive 
increase in viscosity. 

Effect of Reaction:—Rogers, Deysher and Evans (1) reported that varia- 
tions in the acidity within reasonable limits had no appreciable effect on the 
viscosity of sweetened condensed milk. Batches of milk in which they ad- 
justed the acidity before condensing from pH 6.51 to 6.30, 6.41 and 6.63 
showed no real difference in viscosity upon aging. However, in one experi- 
ment in which the reaction had been materially changed the milk thickened 
in the pan. In the above experiments the skimmilk was forewarmed at 
63° C. (145.4° F.) and the samples showed practically no increase in vis- 
cosity at the end of 30 days’ storage at 30° C. (86° F.). Hunziker (4) 
is of the opinion that had they used a higher forewarming temperature the 
samples with the higher acidities would have probably shown a decrease in 
stability toward age thickening. 

Leighton and Mudge (3) found that the pH of the artificial serum of 
Van Slyke and Bosworth changed from pH 6.59 to approximately 6.25 upon 
precipitation produced by heating, but there was no change in the reaction 
of sweetened condensed milk upon thickening. 

Effect of the Sucrose:—Rogers, Deysher and Evans (1) found that the 
cane sugar concentration had only a minor influence on the initial viscosity 
and probably none at all on the progressive increase in viscosity. In these 
experiments on the effect of sugar concentration a forewarming temperature 
of only 48° C. (118.4° F.) was used and Hunziker (4) points out that had 
they used a forewarming temperature high enough to encourage colloidal 
thickening that probably the sucrose concentration would have had an influ- 
ence on the subsequent thickening. 

Hunziker (4) has found that increasing the amount of sugar tended to 
minimize the thickening tendency, even in the milk made in early summer. 
He suggests that probably the higher concentration of sucrose may physi- 
eally hinder hydration and swelling. 

Leighton and Deysher (5) found that sugar exerted its influence on the 
stability in the forewarming process, in the evaporating process and in the 
coagulating process. Its effect was to unstabilize the 95° C. forewarmed 
product and to stabilize the 120° C. material. Based upon the findings of 
Leighton and Mudge (3) that the heat absorption incident to coagulation 
comes from the precipitation of calcium and magnesium, Leighton and 
Deysher (5) believe that the sugar effect has its action upon the metallic 
salts of milk since cane sugar can react with calcium and since some calcium 
‘and magnesium salts dissolve in sugar solutions. 

Leighton and Mudge (3) are of the opinion that the sugar accelerates 
the removal of the calcium from an active state under the conditions of pro- 
longed forewarming. 

Ramsey, Tracy and Ruehe (7) found that where dextrose was used to 
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replace part of the sucrose in sweetened condensed milk that the physical 
thickening was greatly accelerated, but which could be prevented by adding 
the corn sugar as a concentrated solution near the end of the run instead of 
adding it to the milk before forewarming. 

Effect of Fat :—Miyawaki (8) has shown that condensed milk made from 
fat-poor milk does not in general remain syrupy long, but tends to become 
pasty. He recommends that the raw milk should contain at least 3 per 
cent fat. 

Effect of Casein and Albumin:—Rogers, Deysher and Evans (1) found 
that the casein and albumin were the milk constituents directly responsible 
for age thickening, and that casein had, by far, the greatest influence. 
Albumin became a factor in the thickening only when forewarming tem- 
peratures above its coagulation point were used. 

Effect of Concentration of Milk Solids:—Rogers, Deysher and Evans (1) 
have shown that increasing the concentration of the milk solids increased 
the tendency of the sweetened condensed milk to thicken. The tendency 
to thicken was not in direct proportion to the concentration of the solids but 
increased more rapidly at a concentration of 26 to 28 per cent than at lower 
concentrations. 

Effect of Salts:—Rogers, Deysher and Evans (1) found no appreciable 
effect on the viscosity by adding 2.8 grams of calcium citrate to 3,500 grams of 
skimmilk when the finished product was held at 30° C. (86° F.) for 58 days. 
With the addition of enough monobasic phosphate to increase the total phos- 
phates of the milk 5 per cent there was no significant difference in the vis- 
cosity authough it was somewhat more viscous than the control batch. The 
addition of phosphates in amounts to raise the total phosphates by 7 to 11 
per cent caused a decided increase in the thickening tendency in 23 days, 
and much more so in 44 days. These investigators also found that the addi- 
tion of copper salts failed to show any increase in viscosity over the control. 

Effect of Vacuum Pan Temperature:—Hunziker (4) found that finish- 
ing the batch at a relatively high temperature (150° F. or above) yielded 
a product with higher initial viscosity and thickening tendency than finish- 
ing at relatively low temperatures (120 to 130° F.). 

Miyawaki (2) recommends keeping a vacuum above 26 inches on the pan 
in order to secure a good keeping quality milk. 

Effect of Season of the Year:—As is well known by manufacturers of 
sweetened condensed milk, and as pointed out by Hunziker (2), the greatest 
difficulty with rapid thickening oceurs during the late spring and early 
summer. 

Sommer (6) has pointed out that the troublesome heat coagulation in 
the case of evaporated milk is most prevalent during the fall, winter, and 
early spring. 
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EXPERIMENTAL METHODS 


The Vacuum Pan:—The various batches of sweetened condensed milk 
used in these experiments were made in an experimental pan devised to 
approximate commercial conditions as nearly as possible and at the same 
time permit accurate control as well as the use of a small amount of milk for 
atrial. The pan is shown in figure 1. Condensing was done in balloon 


Fig. 1. Experimental vacuum pan 


flasks of 12 liters capacity, the heat being applied by means of live steam 
in a copper-jacket surrounding the lower one-third of the flask. The 
vacuum was maintained with a motor-driven vacuum pump, attached, 
through a suction flask, to a copper coil condenser submerged in a tank of 
running water. The condenser was attached to the condensing flask with 
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a rubber stopper which also served to hold a thermometer and a glass stop- 
cock used to regulate the flow of milk into the flask. Two such units were 
made into one piece of apparatus so that a control batch could be run at the 
same time as a variable factor was being tried on the other batch. The 
apparatus was also provided with a vacuum gauge. With this arrangement 
it was possible to control accurately the temperature and vacuum in both 
flasks. 

Milk :—Except in the experiments with the milk of individual cows, 
mixed milk from the University Creamery was used. About 8 pounds of 
milk were required for a batch and were standardized to give 3.4 pounds 
of the finished product containing approximately 8 per cent fat, 20 per cent 
milk solids not fat, and 44.1 per cent sucrose. 

Forewarming :—The forewarming was done in five-gallon ‘‘shot gun’’ 
cans placed in a water bath heated with steam. In some cases where a high 
forewarming temperature was desired the steam was introduced directly 
into the milk. Unless otherwise stated, the sugar was added to the milk 
before heating was commenced and the milk was forewarmed to 88° C. 
(190.4° F.) for a period of 10 minutes before drawing it into the pan. 

Condensing :—The vacuum was regulated so that condensing was done 
at a temperature of 55° C. (131° F.). In finishing the batch the vacuum 
was increased, thus decreasing the temperature of the milk so as to avoid 
any possibility of superheating. It required about 24 hours to complete 
the evaporation. After the condensing was judged complete the flasks were 
disconnected and weighed on a sales counter seale and distilled water added 
to make up the contents to the desired weight. After a little experience it 
was possible to judge the end point so that it was avldem 1 necessary to add 
more than a small amount of water. 

Storage of the Condensed Milk :—In some of the first experiments the 
milk was stored in tin cans and in one-half pint milk bottles sealed with 
paraffin. In the later trials, when a different method of measuring the 
viscosity was adopted, the milk was put up in rubber-stoppered 50 x 400 mm. 
test tubes. Storage was made at 37° C. (98.6° F.) in order to hasten 
thickening. 

Viscosity Measurements:—In the early trials the viseosity of the con- 
densed milk was measured with the MacMichael viscometer using a number 
30 wire, but for various reasons this instrument was not suited to this work. 
The use of this instrument necessitated the removal of the milk from the 
container and stirring. Stirring the sample decreased the viscosity which 
made it difficult to stir all samples alike. An attempt was made to obtain 
the ‘‘basic’’ viscosity by’ first forcing the milk through a eapillary tube, 
but this was found to be impractical because the milk began to thicken again 
as soon as it left the tube. However, what was really desired was not the 
‘*basic’’ viscosity of the milk but its consistency as the consumer would 
find it upon opening the container. 
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These objections to the use of the MacMichael viscometer were elimi- 
nated by the falling-sphere method of measuring viscosity, using a vacuum 
tube arrangement to detect when a steel ball passed through two coils of 
wire placed 22.7 em. apart. When a viscosity measurement was to be made 
the tube of milk was inserted through the coils, a steel ball dropped in the 
top, and its fall timed with a stop-watch while it fell the 22.7 em. The 
apparatus was designed to show a deflection on a galvanometer needle when 
a steel ball passed through the coils, causing a change in the amplitude of 
oscillations in the oscillating cireuit. After making a measurement the 
steel ball was allowed to remain in the tube until the milk was disearded. 
This method was very rapid and had the advantage of permitting a viscosity 
measurement to be made with the minimum of disturbance to the milk. 
A diagram of the apparatus, including a list of the various parts is shown 
in figure 2. 


=== T 


Fie. 2. Diagram of Vacuum Tube Viscometer 


L,, L,—10 turns each of No. 16 or No. 18 double cotton covered enameled wire. 
Ch.—1000 turns of No. 38 enameled wire or R.F. choke for 3000 kilocycles. 
C,—0.0005 microfarad mica condenser. - Select one having less than 0.01 milli- 
ampere leakage. 
C., C—0.5 microfarad paper condensers. 
C;—0.01 microfarad paper condenser. 
M.A.—0 to 1.0 milliampere meter. 
P—10,000 ohm, wire wound only, potentiometer of good quality. 
R—2.0 ohm rheostat, wire wound only. 
T—110 volt A.C. transformer with 2.5 volts output. 


Sereen grid vacuum tube, type 235. 
Pl.—Plate. 
8.G.—Sereen grid. 
G.—Grid. 
K.—Cathode. 
F.—Filament. 


Viscosity measurements were made at 37° C. (98.6° F.), the temperature 
of storage, and the results calculated to absolute units according to Stokes’ 
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formula. Steel balls of three different diameters were used, namely : 0.6345, 
0.9520 and 1.2695 centimeters. Where the viscosity of the samples was so 
great that it required more than 2 minutes for a steel ball with a diameter 
of 1.2695 em. to fall 22.7 em. through the milk it was reported as being 
too viscous to measure. When the viscosity was high there was a tendency 
for the steel ball to slide to the side of the tube rather than to fall straight 
down. 


I. SEASONAL VARIATIONS 


The prevention of fat separation in sweetened condensed milk depends 
upon having the viscosity of the milk great enough to prevent the rise of 
the fat globules. Normal sweetened condensed milk has a viscosity of about 
6 to 8 poises at 37° C. (98.6° F.) shortly after it is dropped from the 
pan, but a further increase in viscosity during storage is desirable because 
this initial viscosity is not great enough to prevent fat separation, especially 
if the milk is held in storage for any great length of time. 

Normal sweetened condensed milk will show a gradual increase in vis- 
vosity during storage, the rapidity of the thickening depending upon the 
temperature at which it is held. However, there is a certain period during 
the year when the milk has the tendency to thicken abnormally fast, 
especially at room temperature or higher. During this unstable period 
it is not uncommon to have a sample thicken so rapidly that at the end 
of 24 hours’ storage at 37° C. (98.6° F.) the container may be inverted 
without loosing its contents. 

This unstable period is usually referred to as occurring during the 
late spring and early summer, especially during May and June. The cause 
of the unstability during this season of the year is not definitely known, 
but is no doubt due to some change in the composition of the milk at this 
time. This being the case we should expect the date of change from stable 
to unstable milk to vary with the community and from year to year. 

The milk used in these trials was taken from the raw milk storage tank 
of the University Creamery and consisted of the mixed milk from several 
farms. This milk was fairly representative of the milk from the area of 
Madison, Wisconsin. 

In the spring of 1932 the batch made on April 23 thickened in a normal 
manner during storage, while that made on April 24 and the subsequent 
batches thickened abnormally fast. After May 20 no condensing was done 
until June 24 when the milk was relatively more stable than it was during 
May and the latter part of April. These results are shown in Table 1. 

In 1933 condensing was not begun until April 15 and the milk was 
already unstable at that date as shown in Table 2. The last batch was 
condensed on May 27 and the milk was still unstable. 

Table 3 shows the progressive increase in viscosity during storage of 
six batches of sweetened condensed milk made during a period extending 
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TABLE 2 
Seasonal change in stability during spring 1933 


pays | | aprin22 | aprin29 | may4 | may15 | may25 | May 27 
Viscosity in Poises 
0 16.1 41.0 | 148 | 18.6 | 22.3 38.4 44.6 
1 144.0 1050.0 | | 584.0 | 
2 865.0 ° | 2205.0 1850.0 
3 | * * | * 
} | } 
5 | | * * 


Forewarming temperature 88° C, (180° F.) for 10 minutes 
Storage temperature 37° C. (98.6° F.). 
* Too viscous to measure. 


from April 27, 1934, to May 29, 1934. The batch made on May 15, 1934, 
had a normal initial viscosity and thickened in a normal manner, while 
the batch made on May 19, 1934 had a high initial viscosity and thickened 


TABLE 3 
Seasonal change in stability during spring 1934 
ques APRIL 27 May 8 | MAY15 #=mMaAy19 MAY 24 MAY 29 
Sucrose | 44.1 44.1 441 | 441 44.1 44.1% 
Fat | 7.55 8.29 | 7.52 | 8.31 8.05 | 7.16% 
| 
Milk solids | 
not fat | 20.67 20.73 | 20.83 21.43 20.80 20.34% 
Days | Viscosity in Poises 
0 7.4 74 | 62 | 310 17.3 38.4 
1 26 | 148 | 1038.0 1488.0 
* * 
3 100.4 125.0 | 
4 | 58.5 Solid 
5 131.3 
7 135.0 | 
8 | 82.4 
10 529.0 
11 158.9 | x 
13 | 95.0 
14 470.7 | 
17 204.1 
18 539.8 
20 178.7 124.1 
22 740.1 


Forewarming temperature 
Storage temperature 85° C (185° F) for 10 minutes. 37° C (98.6° F). 
* Too viscous to measure. 


A ‘ 
a 


AGE THICKENING OF SWEETENED CONDENSED MILK 767 


abnormally fast. In 1934 the unstable period did not commence until 
approximately a month later than in 1933 and 1932. 

Trials could not be carried out during the summer of 1933 and 1934, 
so it is not known when the unstable period ended. The data given in 
Table 1 tend to show that the change again from unstable milk is not as 
abrupt as is the change from stable to unstable milk but occurs during 
the latter part of June and the first part of July. 

That the change from stable to unstable milk is very abrupt is shown 
in Table 1 where the milk condensed on April 23, 1932, was stable while 
that condensed on April 24 was very unstable. Table 3 shows that during 
the spring of 1934 the change occurred between May 15 and May 19. If 
batches had been condensed during the intervening 3 days it might have 
been found that the change occurred over night. 


DISCUSSION 


It is impossible to state any definite limit of viscosity above which the 
milk may be considered as unstable and below which the milk may be said 
to be stable. However, numerous trials have shown that when unstable 
milk was stored at 37° C. (98.6° F.) the thickening was usually so rapid 
that it attained a viscosity of over 3000 poises (too viscous to measure) 
within a few days after manufacture, while the viscosity of stable milk 
under the same conditions of storage was usually below 1000 poises at 
the end of 3 weeks. The initial viscosity of stable sweetened condensed 
milk averaged from 6 to 8 poises, while unstable milk was usually somewhat 
higher. However, it was not always possible to predict the rate of thicken- 
ing of the milk from the initial viscosity. 

Hunziker (4) suggests that probably the cause of the unstable period 
during the spring is due to a large majority of the cows freshening at that 
time thus causing a high albumin content in the milk. This explanation 
would not hold for this territory where most of the cows freshen earlier 
in the year and at best would not explain the abrupt change to unstable 
milk. The milk at this season of the year is no doubt relatively high in 
albumin and it may be a factor. 

It has been observed in the evaporated milk industry that the change 
from unstable to stable milk in the spring also oceurs very abruptly but 
this has been explained as being due to the increased citrate content in 
the milk caused by green pasture feed. Unstable sweetened condensed milk 
cannot be attributed entirely to the change in the milk occasioned by 
green feed, but it may be a factor. The change to green feed would not 
explain the fact that the unstable period in 1934 did not occur until 
approximately a month later than in the two previous years. The spring 
of 1934 was relatively hot and dry. During the latter part of June and 
July in 1932 the milk was much more stable than it was during May even 
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though the cows were still getting plenty of good green feed. In some trials 
where the milk of individual cows was condensed it was found that some 
cows (especially Jerseys) gave milk that was consistently unstable even 
though they were on winter rations. 


CONCLUSIONS 


The unstable period for sweetened condensed milk begins very abruptly 
and may occur any time from the middle of April to the middle of May 
in the territory of Madison, Wisconsin. 

The change back from unstable to stable milk appears to oceur more 
slowly and takes place during the latter part of June and July. 

The freshening of the cows or the time at which they are turned out 
on grass cannot be correlated directly with the period during which 
sweetened condensed milk is unstable toward age thickening. 
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THE DIKETONE PRODUCED WHEN BUTTER CULTURES ARE 
STEAM DISTILLED WITH FERRIC CHLORIDE ADDED* 


B. W. HAMMER 
Iowa State College, Ames, Iowa 


The relationship of diacetyl to the desirable flavor of butter has been 
established by the work of various investigators. When a satisfactory 
butter culture is steam distilled and the distillate treated with suitable 
reagents, a brick red precipitate is formed that is commonly considered 
to be nickel dimethylglyoximate, a derivative of diacetyl. Much more pre- 
cipitate is formed if ferric chloride is added to the butter culture before 
distillation, and this is interpreted as indicating the formation of relatively 
large amounts of diacetyl through an oxidation of acetylmethylearbinol 
present in the culture. 

Since certain homologues of diacetyl have been assumed to be valuable 
for the purpose of giving oleomargarine a desirable flavor and aroma (3) 
and also because these homologues are similar to diacetyl from various stand- 
points, it seemed advisable to determine whether or not the diketone obtained 
on distilling a butter culture with ferric chloride is diacetyl. The general 
procedure followed was to prepare the usual nickel salts from the distillates 
of butter cultures and then determine the nickel contents for comparison 
with the theoretical nickel content of nickel dimethylglyoximate. 


METHODS 


A relatively large amount of each butter culture was steam distilled, 
after adding ferric chloride, and the distillate treated with hydroxyla- 
mine hydrochloride, sodium acetate, and nickel chloride solutions; 200 ml. 
of 40 per cent ferric chloride solution (40 gm. made up to 100 ml. with 
distilled water) were used per liter of butter culture, and the other reagents 
were employed in amounts sufficient to insure complete precipitation of the 
diketone present. Each precipitate was washed repeatedly with distilled 
water by decantation and then collected, with suction, on a crucible having 
a fused-in sintered filter disc; the precipitate was also thoroughly washed 
on the crucible. The salt was removed from the crucible and dried at 
slightly more than 100° C. During the decantation there was some loss of 
the precipitate, so the salt was determined quantitatively on a 200-gm. 
portion of each butter culture, using the procedure followed by Michaelian 

Received for publication June 29, 1935. 
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and Hammer (2) for determining both the diketone present originally and 
that resulting from an oxidation with ferric chloride. 

The nickel content of each salt was determined by decomposing, with 
sulfurie and nitrie acids, a portion that had been thoroughly dried and 
precipitating the nickel as dimethylglyoximate, which was collected and 
weighed. 


RESULTS OBTAINED 


The results obtained are given in Table 1. The percentages of nickel 
in the various salts prepared from butter cultures ranged from 20.14 to 
20.30, all of the values being close to the theoretical for nicke! dimethyl- 


TABLE 1 
Nickel content of salts obtained when butter cultures were steam distilled with ferric 
chloride and the distillates treated with hydroxylamine hydro- 
chloride, sodium acetate and nickel chloride 


Butter cultures developed at 21° C. 


BUTTER CULTURE | GM. or 
% N11N NI SALT QUANTITATIVELY 
M1. 7 FROM 2 M. 
No. | quality | distilled CEPAINED CULTURE 
| 20.24) on 00 
15 | excellent | 3,000 0.5558 30.90 ¢ 20-22 45.8 
| 
146 fair | 2,750 | 0.3524 = i 20.30 33.2 
| on | 
15 good | 8,500 | 1.1838 en i 20,225 39.6 
232 | 5 20.17) 
232 | good 10,000 1.7534 3011 ¢ 20-14 43.5 
15* 10,000 | 3.2555 20.235 84.1 
| 20.2 


* 0.15% citric acid crystals added to milk from which butter culture was made. 
** Flavor and aroma were typical of a butter culture made from milk to which citric 
acid had been added. 


glyoximate’ and distinctly higher than the theoretical values for the higher 
homologues. An average nickel content of 20.30 per cent was obtained 
on the nickel salt made from a commercial preparation of diacetyl. When 
citric acid was added to the milk used in preparing the butter culture, 
the salt obtained had the same nickel content as the salts obtained when no 
citric acid was added to the milk. The amounts of nickel salt obtained 
quantitatively per 200 gm. of the various cultures were normal for butter 
cultures of a satisfactory quality (1). 


1 The theoretical Ni content of nickel dimethylglyoximate = 20.32 per cent; of nickel 
ethylmethylglyoximate = 18.52 per cent; of nickel diethylglyoximate = 17.02 per cent. 
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From the data presented it appears that the diketone steam distilled 
from butter cultures after the addition of ferric chloride is diacetyl rather 
than one of the homologues and that if homologues are present they are 
limited to relatively non-significant amounts. 
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MOLDINESS IN ROMANO CHEESE* 


F. W. FABIAN anv J. W. SEVERENS 
Department of Bacteriology and Hygiene, Michigan State College, 
East Lansing, Michigan 


INTRODUCTION 


A factory manufacturing Cacio Pecorino Romano cheese, more com- 
monly known as Romano cheese, from cows’ milk reported that they were 
having considerable trouble with mold developing in the center of many of 
the cheeses. Inasmuch as this was undesirable in this type of cheese, they 
were anxious to find the cause and remedy the condition. Several cheeses 
in which the mold was present in the center and several cheeses in which 
no mold was present were submitted for study and analysis. 

In making Romano cheese the procedure usually followed is to soak 
the cheese in a 30° salometer brine for about 3 days. After this the cheese 
is removed from the brine and salt is rubbed into it every day for four 
days. The cheese maker at this particular factory had punched the cheese 
full of holes to allow greater penetration of the brine. After the cheese 
had been removed from the brine and stored for aging, the holes permitted 
the air as well as mold spores to enter the cheese. In all cases the moisture 
content was sufficient to permit the growth of mold. Doane and Lawson* 
and also Matheson? in the revised edition of U. S. D. A. Bulletin 608, p. 36, 
in describing Romano cheese and its manufacture, referring to salting, 
state: ‘‘This process is sometimes facilitated by punching several holes in 
the cheese.’’ In the light of the present work, it is inadvisable to follow 
this procedure. 


METHOD OF ANALYSIS 


Samples of the moldy cheese were ground in a sterile mortar with 
sterile sand and plated on malt extract agar. A pure culture of mold was 
isolated and identified as Penicillium italicum. 

In order to study the conditions which favored the development of this 
mold in the cheese, analyses were made of the moisture and sodium chloride 
content of cheese that had molded and of cheese that had- not molded. The 
moisture content was determined by weighing approximately 10 grams 
of the cheese in a platinum crucible and drying in a vacuum oven at 56° C. 


Received for publication June 25, 1935. 

* Journal Article No. 222 (n.s.) from the Michigan Agricultural Experiment Station. 

1 Doane, C. F., and Lawson, H. W. Varieties of cheese: descriptions and analyses. 
U. S. D. A., Bul. 608, (1918). 

2 Doane, C. F., Lawson, H. W., and Matheson, K. J. Varieties of cheese: descrip- 
tions and analyses. U.S. D. A., Bul. 608, (1928). 
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until the weight was constant. The sodium chloride content was deter- 
mined by igniting one gram of cheese in a platinum crucible. The resulting 
ash was then dissolved in 10 ce. of water and titrated with n/10 AgNO,, 
using a one per cent K,CrO, solution as the indicator. 

In order to study the relationship between the moisture and sodium 
chloride content and moldiness in the various samples of cheeses, the cheese 
was cut into slices about one inch thick and these were diced and numbered. 
The results of typical analyses are given in the following diagrams repre- 
senting the slices of the diced cheese. 


TABLE 2 
Diagram of section of moldy cheese showing relation between the percentage of 
moisture and sodiwm chloride and the presence of mold in 
the cheese. Mold confined to section 8 


1 2 3 4 
H.O =15.7 H.O =18.4 H.O =18.0 H.O =19.9 H.O =11.1 
NaCl= 7.5 NaCl= 7.5 NaCl= 7.0 NaCl= 6.7 NaCl= 7.5 

6 7 | 8 9 10, 

| H,O =245 
| NaCl= 6.0 
11 12 14 15 
H.O =201 | H.O =198 H.O =23.9 
NaCl= 5.8 | NaCl= 7.2 NaCl= 6.3 

16 17 | 48 19 20 
H.O =17.7 | H.O =18.6 H.O =16.1 
NaCl= 7.4 | NaCl= 7.5 NaCl= 82 


INOCULATING CHEESE WITH MOLD 


Squares of cheese from a cheese which showed no mold were placed 
in deep culture dishes. Mold spores from the mold isolated from the 
moldy cheese were then spread on the surface of the cheese and incubated 
a week with no growth resulting. One ec. of water was then added to the 
squares, but no growth resulted. It was necessary to repeat this twice 
before the mold grew on the surface of the cheese. 

Our results would indicate that the moisture content of the cheese would 
have to be approximately 25 per cent and the salt content not greater 
than 6.0 per cent to permit mold growth to take place. Other sections 
of the cheese having a greater salt content or a smaller amount of moisture 
were not affected. In the cheese where no mold growth occurred, the 


moisture content was less than 25 per cent and the salt content greater 
than 6 per cent. 

These results most certainly indicate that in making Romano cheese, 
it is not advisable to punch holes in the cheese to facilitate the penetration 
of the brine into the interior. This may permit molds to grow in the center. 
Molds developed in every cheese in this factory so punctured. 
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NORTH SHORE’S 
FINE MILK 


The Spinney Run Farms Dairy, whose cooling and filling 
equipment is shown here, is maintaining its reputation as a 
producer of one of the finest bottles of milk sold in the 
exclusive North Shore district of Chicago by employing a 
Mojonnier Compact Cooler in conjunction with a Mojonnier 
Vacuum Filler and Capper. 


Three thousand pounds of milk ‘are handled hourly. Flooded 
ammonia cools the milk to 32°-33° F. after which it is 
quickly bottled at this temperature without foaming, and 
transferred to the cold room. 


Mojonnier Compact Coolers and Vacuum Fillers are built 
in a range of sizes to handle from 3,000 to 20,000 pounds 
per hour at low production costs, yet assuring a quality of 
which you may well be proud. 


MOJONNIER BROS. CO., 4601 W. Ohio St., CHICAGO, ILL. 


VACUUM COMPACT 


FILLERS COOLERS 


Your advertisement is being read in every State and in 25 Foreign Countries 


i 
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Dairy Sterilizer 


Nowadays, with economy on dairy farms so 
important, these proven facts about B-K are 
worth knowing: 


1. B-K will adequately sterilize all the dairy utensils 
used on the average farm for less than one cent 
to two cents a milking. 


2. B-K is equally potent in cool as well as warm 
water. This will save on fuel costs. 


3. B-K requires no expensive equipment. In fact, 
B-K requires no i at all! 


4. B-K, when used as directed, will pay for its origi- 
nal cost many times over by destroying 99% of 
the bacteria that causes off-flavor, quick-souring, 
high-count milk. 


B-K Comes in Both 
Powder and Liquid Form 


B-K Powder contains 50% available chlorine 
and can be used either to make a stock solution 
or added direct to rinse water. B-K Liquid is 
still preferred by thousands of users because it 
provides a dependable, ready-made solution at 
a low price. 


Send today for quantity discounts and 
valuable free book, “Better Dairy Products.” 


General Laboratories, Inc. 
Dept. 112, Widener Building, Philadelphia, Pa 


IMPORTANT 


B-K sterilizes efficiently 
in cool, warm or hot 
water. Tests proved that 
solutions of B-K contain- 
ing 50, 100 and 200 p.p.m. 
when boiled for 10 min- 
utes, did not lose their 
available chlorine cen- 
tent. Laboratory data 
on heat tests free on 
request. 
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Facts you should 
know about 


GLASS-LINED 
PASTEURIZERS 


FACT 


VIII. Versatility—One large dairy concern 
with 109 Glass-Lined Pasteurizers uses 
them for pasteurizing coffee cream, whip- 
ping cream, sour cream, making butter- 
milk, ice cream mix, etc. A frequent use 
is in coagulating and setting cream used 
for making cheese. Making starter and 
mixing chocolate milk drinks are but two 
more unrelated uses. 


These many special uses are in addition to 
the wide spread use of “Lo-Vats” for pas- 
teurizing in smaller dairies. 


When you are consulted on dairy equip- 
ment, is it not to your advantage to recom- 


mend the most versatile ? 


THE PFAUDLER CO. 
1515 Gas & Electric Bldg., Rochester, N. Y. 


In this way you can be sure that 
the high degree of sanitation 
obtainable a with glass is ex- 
extended to other products the 
dairy makes. 


Branch Offices: 


New York City, Chicago, Philadelphia, Elyria, 0., 
San Francisco (Pfaudler Sales Co.) 


PFAUDLER 


Your advertisement is being read in every State and in 25 Foreign Countries 


4 
ao 
< 
@ 
A 
a3 
- 
4 POWDER | 
vast 


JOURNAL OF DAIRY SCIENCE 5 


KNOW MORE 
about 


CALCIUM 
CYANAM ID 


Lumps of Dirt 
in the Butter / 


IF the dirt in butter consisted of large lumps 
it would be easy to detect it, to determine 
what it is and to discover the source. But in 
most cases it is not. Government regulations 
apply to contaminating particles too small for 
naked eye recognition. 


That is the reason you will find a Bausch & 
Lomb Wide Field Binocular Microscope a 
sound investment in profit protection. 


This instrument gives you a realistic three di- 
mensional, magnified image making it easy to 
identify objects. It requires no special skill or 
training in observation for efficient use. For 
this specific job it is superior to the usual lab- 
oratory microscope and is the type of micro- 
scope specified by Government authorities. 


You will find the Bausch & Lomb KW Binocu- 
lar a great help in complying with Government 
regulations.* For complete details ask for 
Catalog D-15. Bausch & Lomb Optical Co., 
600 St. Paul Street, Rochester, N. Y. 


* See article on new methods for detecting filth 
in butter, Food Industries, Sept., 1935, pages 
441-442. 


Bausch & Lomb 


NITROGEN + LIME 
FERTILIZER 


To answer their questions accurately 
Experiment Station Workers 


SHOULD READ ABOUT 
AND EXPERIMENT WITH 


"AERO' CYANAMID 


as a fertilizer for haylands and pastures. 


A bag of AEro Cyanamid will gladly be supplied, 
free of charge, to any reader of this Journal who 
desires to give the material a field trial. 


Write ,MERICAN CYANAMID COMPANY 
PR, 30 ROCKEFELLER PLAZA NEW YORK 


Manufacturers of 


‘AERO’ CYANAMID —‘AMMO-PHOS’ 


THE SCIENCE PRESS 
PRINTING COMPANY 


Printers of 
Scientific and Educational 
Journals, Monographs and 


Books 


PIS 
Information furnished and 


detailed estimates submitted 


Lime and Green Streets 
Lancaster, Pennsylvania 


Your advertisement is being read in every State and in 25 Foreign Countries 
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> 
| 
| 


JOURNAL OF DAIRY SCIENCE 


JOURNAL OF DAIRY SCIENCE 


OFFICIAL ORGAN OF 
AMERICAN DAIRY SCIENCE ASSOCIATION 


A. C. Danupere, Editor 
Geneva, N. Y. 


Associate Editors 


L. 8. PALMER C. W. Larson H. A, RUEHE 
St. Paul, Minn. Buffalo, N. Y. Urbana, Ill. 
E. G. Hastings E. B. Pau. F. SHARP 
Madison, Wis. Beltsville, Md. Ithaca, N. Y. 
O. F. Hunziker L. A. Rogers C. E. Gray 
Chicago, Il. Washington, D. C. San Francisco, Cal. 


Committee on Journal Management 
O. F. Hunziker, Chairman 
Chicago, 


R. R. GRAVES A. A. BorRLAND 
Washington, D. C. State College, Pa. 


The Journal of Dairy Science is issued monthly. Subscription is by 
the volume and one volume is issued per year. 


Manuscripts should be typewritten and carefully revised before sub- 
mission to A. C. Dahlberg, New York Agricultural Experiment Station, 
Geneva, New York. Twenty-five reprints will be furnished gratis to authors. 
Cost of additional reprints and reprint order blank will be submitted with 
proof. 


Subscriptions. Price; $5.00 per volume in United States, Canada and 
countries within the postal union ; $5.50 in countries outside the postal union. 
Prices are net, postpaid. New subscriptions and renewals are entered to 
begin with the first issue of the current volume unless otherwise stated. 
Renewals should be made promptly to avoid a break in the series. 


Subscriptions and Advertising should be mailed direct to the Science 
Press Printing Company, Lime and Green Streets, Lancaster, Pennsylvania. 

All subseriptions from the British Isles and British Empire (with the 
exception of Canada) should be ordered through our agents: Messrs. Bail- 
liere, Tindall and Cox, 7 and 8 Henrietta Streets, Covent Garden, London, 
W.C.2, England. 


Correspondence regarding business policies of the Journal should be 
addressed to the Editor. The use of material published in the Journal is 
encouraged and a liberal policy will be followed concerning reproduction 
of articles with proper notation as to source. 


| 


HE 

ae 

: 

ve 


ABBOTT'S DATRIES—BRIDGRTON, N. J.—-CP Cooler with trolley type: covers, designed cool the maxt- 
mum amonnt of milk in the minimum foor space. Supplied for use with sweet water, rect expansion. 


1S YOUR COOLER WASTING MONEY? 


Don’t take your cooler’s efficiency for granted. Find out 
if it’s too large, too’small, too hard to clean, if it is a good 
heat exchanger. Only a check-up will show whether it ix 
an asset or liability. 


We've no ax to grind. CP makes all types and sizes of 
coolers. Let CP engineers recommend «he one that exact!s 


fits your needs or suggest how your present cooler can b« 
made more efficient. 


Creameny Package 


THE. CREAMERY PAUKAGE MFG. COMPANY 
RODD: AIRY, NILEBS,. 2 in hicago, 
MiCH.—CP. Tubular’  Surfaes iinois 
Coole. pipa distribater. Branches: Atlanta, Boston; Buffalo, Chi Dealing; Des Moines, Denver, Koneas City, Les 


: Angeles, Minnenpolly, New York, Obama; Porticoc, Ore., Salt City 


‘Piller and Capper. Made in a CREAMEEY PACKAGE MPG) CO; OF CANADA, LTD. 
207 King St. West, Boronto, Ontario, 


PBODUCERS CREAMERY, BENTON 
HARBOR; MICH.—A CP Two. Stand 
Compact Cooler. installed en- 
closed room. Photo sewer detall of 
water and ammonia piping and ¥ dis- 
tributing trongh. 


‘ 


FRANKLIN COOPHRATIVE. CREAM- 
BRY, MINNEAPOLIS, MINN,—Here ic 
a CP two-stand internal tube direct 
ansion cooler with CP amimonia: con: 

operkting « fall flodded system. 
The tubes aro staining) alloy steel, 
completely ineulated end’ with 
stainless eteel sheets. 
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What Do I Get? 
“Wha: do I get?”—thar’s a perfectly natural question 
for you te ask about any product you buy. Wien you buy 


Wyandotte Products you gef's lot more then just cleaning 
powders in barrels or kegs. 


First of all you get better results,——results which help 
you tucn out a better praduct,-—results which, help you 
build business. 

-- And you get the benefit of many years experience in 
dealing with cleaning and sterilizing problems of all kinds, 
—the experience that is used not only in keeping Wyan- 
dotve Products in step with changes in cleaning operations 
but also is available te you im the practical assistance which 
you get from the Wyandotte Representative. 

You benefit, too, from the storage and: jobber argani- 
zation which brings Wyandotte to-you quickly and economically. And if you are cavered Be 
a asprin Requirement Contract you are assured of protection against advancing or decliniay 


mean more profits fer you. 


The J. B. Ford Company 
Wyandotte, Michigan 


Bacto-Brilliant Green Bile 2% 
the Gerection of Coli 
Bacto-Brilliant Green Bile 2% is an excellent medium for the detection of Escherichia 
celi.in milk and other dairy produces. When prepared for use in the labaratory it corre~ 
sponds exactly to the medium recommended for this purpose in “Standard Methods of 
Mitk Analysis.” 
The medium is made-up by dissolving the dehydrated product i: the necessary amount 
of water and stecilizimg the resultant solution. Neither adjustment; of its feaction nor 
filtration of the solutiom is necessary. ‘The reaction «fcer scerilizarion: wil be 7.3. 


Fermentation tubes-of the mediumare inoculated with samples of the suspected. milk 
and are incubated as usual. The prodpction of gas after che incubation-perind 4 is: presump- 
tive evidence of the presence of £. coli. 


Specify “Difco” 


THE TRADE NAME OF THE PIONEERS | 


the Research and Development of Buete-Peptons and Dehydrated: Qultare: Media 


Direco LABORATORIES 


INCCGR PORATED 
DETROIT, MICHIGAN 
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